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XXIX. ObfervatMs ffidde in Savoy, in order to afar tain 
the height of Mountains by means of the Barometer*^ 
being an Examination of Mr* De Lw^-s Rules ^ deli-^ 
^eredin his Recherehes fur les M^ 
mofphere. £^ Sir George Shuckfergh, Bart^ F. R. S, 



Read May 8 and 15, T]sf the CQUirfe of- my tour i»to Italy ia 

-*• the years 1775 ^^^ X776, I made 
fome ftay at Geneva; which being ia the neighbour- 
hood of the Alps, and on that account a convenient 
home, induced me to make fome obfervations upon 
thofe mountains, which have been defervedly objects of 
aJttention to the mpft incurious traveller. I was particu- 
larly delirous of verifying the experiments with the ba- 
rometer, in taking heights of different lituations; a 
method that has been long known to the ingenious, 
though but rarely praiStifed, and capable of but little 
precifion till within thefe few years ; and perhaps at pre- 
fent not fo generally' known as the convenience and 
utility of the method feems to require. I had provided 
myfelf with a confiderable collection of inftruments, or 
^ kind of portable phulofophical cabinet, which I had had 
Vol. LXyiL X x >^ made 
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made exprefsly in London and Paris, in order to make 
fuch experiments as might prefent themfelves to me en 
courranf; and which, either from want of acquaintance 
with the fubje6t, want of time, or want of money, be- 
come rarely the objeft of travellers ; but remain wholly 
unknown till princely munificence and philofophic zeal 
(of which we havej a recent inftance) unite in producing 
them to the world. After the very celebrated and inge- 
nious labours of Mr. de lug, farther inveftigation of 
the fubjedl of barometrical meafiirement might feem 
unneceffary, if not icividious; but, furniflied as I was 
with an apparatus every way flifiicient for the iiiquiiy^ 
finding myfelf in the country which had been the fcene 
of his operations, and poflefling fome fhare of his own 
zeal, I could not but gratify the curiofity I had to verify 
and repeat his experiments : if therefore in the purfuit 
of this inquiry I fhould be led to a conclufion fomething 
different from the refult of his own obfervations, I am 
convinced that this diftinguifhed obferver, of whofe 
candour and talents I have an equal opinion, will im- 
pute it wholly to a love for truth; as with me the 
precept applies as ftrongly to the philofopher as to the 
hiftorian, Ne quM falji mdeM^ ne qujd vert non audeai 
dicere^ 

6 But 
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But to proceed. The inftniments I made ufe of in 
thefe operations were, two of rams den's barometers/''^; 
three or four thermometers detached from the barome- 
teirs, whofe boiling and freezing points I had examined 
myfelf ; an equatorial inftrument, the circles of which 
were about dfeven inches diameter, made by ramsden; 
a fifty-feet fteel meafuring chain ; and three three-feet 
rods, two of deal and one of brafs, in order to examine 
and correct the chain, thefe latter .made by baradelle 
at Paris. Befides thefe I took with me a little bell-tent, 
which I found of great ufe, as it defended me from the 
wind and fun ; and I may remark, that the obfervations 
of the uppermoft barometer were made in the tent. 

My firft feries of obfervations I pr^pofed to be on 
Mont Saleve^ one of the Alps, lituated about two 

{a) It mzj not be improper to remark, that the fpecific gravity of the quick- 
filver of thefe barometers with 68° of heat was 13,61; the diameter of the 
bore of the tube 6,20 inch; and that of the refervoir 1,5 inch, 

(b) Mont Saleve extends near nine miles in length; is not quite 3300 foet 
in height above the Lake. That fide of it which is next Geneva is for the 
moft part a barren rock, tlie north-eail end of it being ahnoft a perpendicular 
precipice; the other iide of the mountain is lefs rude, of a more gentle accli* 
vity, covered with trees, flirubs, and herbage, as is alfo the top, where is fomc 
of the fineft paflure in the world. It is inliabited only by a few fliepherds, wlio 
pais the fummer months here with their cattle, in little miferable liuts or 
t)arns: the remaining prt of the year, Wz.-for about four or five months, it 
is covered with fnow. This mountain contains cliiefly a calcareous Hone; 
and there is reafon to believe that there is an iron ore in it, at leafl: in fome 
parts of it, as a piece Mr* de luc, the brother, picked up near tjie foutk-weft 
«nd^ I found, fenfibly aifeded the magnet, 

X XX a leagues 
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leagues fouth of Geneva^ and precifely on the fame point 
where Mr. de luc had made his higheft or fifteenth fta- 
tion : this fpot I learnt from his brother, whofe civilities, 
both then and fince, I Ihall frequently have oecafion to 
remember and mention. 

The place where I meafiared my bafe w^ in a field 
near the villages of Archamp and Neidens, not quite 
three miles in a horizontal Mne from the top of the rock 
whofe height was to be determined (fee the chart that 
accompanies this account)^ At the end of the bafe a 
I intended to place one of my barometers ; and the other 
at the top of the rock, called the Pitton^ at c ; and with 
the above inftrument^ meafure the triangle abc. The 
angles were taken both on the horary circle, which was 
brought parallel to the horizon, and alfo on the azimuth 
circle of the equatorial inftrument; this made it, as it 
were, two different inftruments independant of each 
Dther; The angles were moreover doubled, tripled< and 
quadrupled, on each arch ;. by this means the error of 
the center or axis of the inftrument vanifhed ; the poffi- 
ble error in the divifions, in the reading off, and in the 
coincidence of the wires in the telefcope (which magni--' 
lied forty times) with the fignals placed at each angle of 
the triangle, was leflened in proportion to the number 
of times the obfervation was repeated ; and finally the 

mean 
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mean of all was taken^ The fame was done with each 
angle al a, b^ and c, homcmtal as well ^ vertical, viz. 
tibe elevation of c above a and b was taken ; and alfo the 
depreflion of a and B below c. The advantage of this 
method w^Sj^that the error of the line of colUmation, the 
dB^£); of f^fi^^Honi and of the curvature of the earth's 
furface, aH became equal Mid contrary; by thefe means 
the little errprs^ were diminiflied, and great errors abfo* 
lutely avoided^'^* I ftiall, however^ beg leave to fet down 
the operation at len^h refpedling this one triangle, in 
order to fliew the precifion that may be expelled from 
fuch p« g®metricai procefs; to remove the fcruples of 
thofe gentlemen who fufpe£l that accuracy is only to be 
obtained by large quadrants ; and laftly, to do juftice and 
fatisfa^on to the oslebrated artift who invented and 
made !h!? valuable inftrument. 

{e) T rouift acknowledge hore, that the attraftion of the mountain creeps into 
the account nncowefted for, but only half of this quantity influences the mean 
fcfolt, a&at the tq> it warnothing, and at the bottom of the mountain it could 
at^t excded lo'' in the dire^aion AC, as I find from a rough computation, the half 
of which = 5" would give only fpur inches for the corre^ion. 
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D^Urminattm of the Bafe^. 

CK, !Ft.in. Temper. 

Iiigth ^ the bafe Aa (fefe thfe'Cliatt:) by tlie chain, 1 ^,j jo o 9i^ 

firft time, — — * •--• I ^^ ' 

Ditto, fccond time, — — .p., 55 9 9l 7^ 

The mean, — — j5 9 10.87 73I 

Ft. In. ^ 

By frequent previous obfervations 1 determined (^) the lengdi ^ 

of the chain by compacrifon with the brafsftandard .rod f 50 o o 60 
reduced to 60^ of heat, — — ^ 

Correftionfor 131° of heat from cxpanfion, — +0005 

Diameter of the pins or arrows, one of which was ufed afj 

each chain, and in fuch manner, that this correftion be- f -f o o 16 
came always 4. — — — J 

Correct length of the chain as it was ufed in meaiurmg the \ 

bafe, — — — — i 50 o 21 

Multiply by the^iumber of e^ire chains in the bafe, — j| 

2750 II 55 
Add the parts of a chaiii, — — + 9 10 87 

True length of the bafe, as it was meafured, — 2760 lO 4*2 

Correftion for the defeat of level, taken with an inftru- 1 ^ ^^ ^ . 

ment made on purpofe, each time the chain^as placed,/ ~ ° 7^^ 

The true horizontal diftanee between A and B becomes, 2760 9 66 

'■II ■ I > I I ■! 

(d) It may Idc required, to what precifion 1 could determine tlie length of 
my chain? I think certainly to within -d^ of an inch, or ^\-^ of the whole 
length. The common guntobr's chain of the fhops is always fiibje£l: to (pring 
and ftretch confiderably; mine was made of hardened fteel, on purpofeto avoid 
diis defeat. It however ftill preferved fome degree of elafticity, for when 
pulled with a force of about ten pounds, it feemed =0,12 inch longer than 
when laid gently dn the floor without being ftretched at all : the affumed length 
«f Uie chsm was fuch as feemed to me probable from a moderate tenilon In 

^ommoA 
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DifMminatim of tbe angles by tbe equatmaL 



On the azlaautk* 
circle. 



On the eqaat wrcli, tHir 
horai^ Kein^ confertc^ 
into gradual 4if ifiontr 



X A by the ift obfervatian — 

2d, — -^ 

3d, -- ~ 

4th, -^ ~ 

iL Ukcn fomr tiiaes over on the arch, . -« 
Tbe mean. 



/# 



S? 27. S9 

— 119 a 

— %Z 30 
~ 3Q ^5- 

233 54 IS 
58 28 49 



it 



58 28. 30 
•—27 30 

— 29 IS 

— 29 15 

^ r % 

233.54 3^ 
58.28 37 J 



Eaftly, the meaa^ of all from the two circles 



^ B by the, ift obfervation, 
2,d,. — 

3d, - 



III 54 4J 

-— ' SI 30 
-^ — 50 30 



g,r taken three times over on the arch, — 335 36 45 
Mean, — *• m 52 15 

Meaa of all from the two circles = 

js ^ av A« 



III 



ni 53 o 

— 52 3C> 
— - 50 45 

335 36 15 
III 5a 'jj. 



common ofing it. It may perhapf not be ont ©f place to remark hete,- that the 
rods with which Ae chain wks examined, agreed exa£Hy with the fcales of the 
toftromcters; at leaft the difference in niafc inches, taken in different parts of the 
^ale, did not appear to exceed tmm of an inch. 

(m) The precaution in taking the indinatioft of the diain every time,- if n the 
bale be nearly a plain, as is the cafe in many meadows, feems to be lanneceflary ; 
for this fame corredion, dedn^ed from the inclination of the b^fe obferved at 
A and B, comes out— 0^99 iAcb, only 0,23 inch different, a quantity whoUj^ 
i&€onilderable« 
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On tht Mimtttli Oil tlie t^uat. «!rcl«« 

O '4 tl O i it 



^ c by the ift obfcmratloR, — 9 39 ^ •* 9 3^ 30 

^ ««, *-, - 39 o ** «- 38 15 

34, — ~ - 38 4S '- - 39 4S 



\d taken few times over on the ttrcli^ — 38 35 45 -. 38 34 45 
Mean, — — 9 5? S^i - 9 3^ 4i| 

Mean of the two circles, ^ 9^ 38^ 48^^ = /. at c* 

%<Aimld»ferfitloii« A.t|^eilisaUy«irt«i£teV. 

,^at A, — — 58 28 Isil'^.^tfl^^^^^^^ 5§ 28 49I 

Z. at C, — — 9 38 48 J j defea from i8o» being 9 3^ 54* 

" " ■ ' ■ ' '^ •*'-i8;'')' become, J ' ■""" i ■ 

Snni of the three angles =: 179 59 42 Sum, 180 o o 
Takenfrom i8p 00 "" ■ n " ■' . ■ 

Leaves the diilercncc is 1 —. ig 



fnm of the errors. 



<«i 



It isliigMy curious and fatisfa<aory to fee the amazing 
correfpoildency of thefe obfervations, made with an in- 
ftrument of only j- inches radius, whereon an angle of 
one minute is about equal — ^ inch; and I think we 
may fairly conclude, that the correfted mean refult of 
thefe obfervations is true to within 6'' or W^^^^i which, as 

(f) I may haveafutureocddiontp Ipeak of the accuracy of this inHrtim^nt 
for aftronomicalpurpofesi but I cannot omit this opportunity of mentioning 
one, vi2» in taking the latitude of the city of Aniiens infkardy, where I had 
thirteen obfervations hy the ftars and Sun, the mean of which differed 2|'' from 
the extremes, and only 3" from' the refutt of Mr. cassini*s obfervations, 
iinade, I believe, with a nine-feet zenith fe£tor, as related in La Mmdimne de 
fiarii vertfiii. $ 

may 
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may be proved hereafter, would occafion an error of 
only three feet in the diftance of the mountains,, and 
feven inches in the height. I proceed next to the ver- 
tical anglesi 

Determination of the imUnation- of the fides ac, bc, and 
AB, with the bori^ony ike height of the eye at the in- 
Jlrument being four f set above the ground. 



Aldtttde from bejow at a* 

G i ii 

Incunatioii of AC, — ^ lO 33 a 
Corrc£lion for the part of i 

the (ignal which was V — i 38 

obfcrved, -^ 

Cprreaion for the line of l .^ ^ -« 

coUimation, — ^ ^^ 

Corr^ for the refra^on, — o 27 

True Altittideof cfrem A, lo 29 58 



Depreffioa from tbovc at C, 

to. f 'L 
iO 29 18 

Corre£l: for the %nal j — -f 16 

•— — «— for the line of coU 1 1 ^ 

— — "-— for refra^iom^ +27 



■IMIP 



True dcprefllon of a from c, 1051 o 
Arch intercepted between,! \ 



or curvatvire. 



% 30 



True altitude of e from A 1 
deduced from the obfer- ?lo 28 30 



vation at c, 



mm 



Mean corrected altitude of c from a = lo"* ag' tJSj/'^^^. 

(g) If the computation were to be made from either of th« obfervation^ taken 
feparately, the difference would amount to only three feet in the height of c ; 
and this may either be in the correftion of the line ^of collimation, the efFed 
lofrefraftion, oar in miftaking the part of the fignal t^^at was ohferved : for, 
whilil I was gone to the top of the mountain, fome peafants pofi^flW tbemfelvet 
of the handj^crchiefs I had fixed to the lignals below in ojc^r to hav« a 
conspicuous and determined point* 
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Altitude from below at f * 

Inclinatibnt)f bc, — • ii 20 26 
Corred for the part of the 1 

iignal obferved, -— J " 
Error of coUimation, 
Correal for refraction. 



I 3B 

o 59 
o 26 



Deprefllon from above at d 



Correct for the £gnal, 
Error of colUmation, 
EffeCt of refra£lion. 



o / // 

II 19 47 

-- S9 
+ 59 

H- 26 



True altitude of c from B, 11 17 23 



True depreflion of b from c, 1 1 20 18 
Arch intercepted, or cur-f ^ « 



vature, 



True altitude of c from b, 
deduced from 
fervation at c. 



om B, "J 

deduced from the ob- ?ii 18 



Mean of the two, or correded altitude of c from b 



= II'' 17' 41^^ 



Altitude at a. 



Z. of inclination of ab\ ^ ^. ^ 

the bafe, -^ > o 27 o 

Error, of the line of col- 1 

limation, — I ^y 

Correft altitude of B from A, o 26 i 



Error of collimation. 



DepreiHon at b. 

o 27 4 

+ O 59 



1 



CorreCl depreflion of a! « 
fromBi -^ j O 28 3 

Arch intercepted, — — o 27 

111 ■ I——— 

Altitude of B from a de--j 

duced from the obfer- > o 27 36 
vation at B, — ^ 



Mean of the two, or corrected altitude of b from a 
= o" 26' 49^^^^< 

(b) It fliould feem from thefc two obfervations, thafc the error of the line of 
collimation had been aiTumed too great; it has however, as I have before 
obferved, nothing to do with the.meaa refult: and this is, perhaps, one of the 
beft means of difcovering the error of collimation,, and the very method Mr. 
BE LUC ufed, to adjuft his level, though, as I have been informed by his brother, 
without taking into the account the efFc^ of curvature, which, if his hori* 
zontal marks were 2000 feet diftant from each, other, would amount to 20", and 
the error to half that quantity. 

5 I have 
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Iliave thus, in a manner rather proHx, given a detail 
of the methods ufed to afcertain the quantity of the dif- 
ferent angles. It may be of ufe on a like occafion, and 
will at leaft ferve to determine within what limits the er- 
ror of the final refult may be expelled to lye, as on the 
precifion of the geometrical operations all the compa- 
rifons of the barometrical ones depend. This procefs 
once mentioned will exempt me and the reader from the 
trouble a fecond time, when he is informed, that the 
fame fidelity and pains were employed (where the cir- 
cumftances would admit) in all the trigonometrical ob* 
fervations, of which the annexed chart is a fummary. I 
proceed now to the determination of the fides, the com- 
putations of which are too well known to enter into this 
paper. 





Peet. 


Side AB 


51760.8 


AC 


15286.4 


BC 


I4041.7 



Feet. 

Thefe wkli the angles give for the height of c above A, — 2835.07 

The height of c above b, — — — 2806.27 

The height of B above A, — — — 22.18 

I I I I'll III 

Thefe two added give the height of c above a, deduced fi^orn the! 2828.4c 

obfervation at b, — — — i 

But the height by aflvfal obfervation at A was, — — 2835.07 

Then the mean of the two, — — — 2831.76 

which is probably within three or four feet of the truth, 

or about one foot in a thoulaiad. 

Y y y 2 Having 
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Having thus the perpendicular height, as I think,, 
very accurately afcertained, it remained for me to take 
the altitude of the barometer at each ftation a and c, and 
if poffible with equal precifion. Thefe obfervations it 
would be too tedious to fet down at length ♦ I fhall, how-- 
ever, premife the following particulars. Every obferva- 
tion of the barometer was triple ; that is, the height was 
read off three different times,^ and the mean taken ; but 
from once reading only I could be fure of the height to 
of an inch, exclufive of the error of the divifions, 



J 000 



which in fbme places might amount ta that quantity ; 
this the nonius would itfelf difcover and even correal by 
eflimation. At every feries of abfervations the float at the 
bottodi was readjufted, fo that I could conftantly be fiire 
of an alteration: of the weight of the atmofphere ex-* 
preffed by 0,002 inch of qui^kfilver, if not of half that 
quantity. Finally, the difference of the two barome- 
ters ^'^ was conftantly taken, after being left thr.ee-^uar- 



^ (jy It may be conclucled, that this difTerence fliould be conftant>,and always the 
fame ; but, from what caufe I know not, it did not appear fo to me. In my journal 
for the weather for 1775, I ^^^ the following note: from a mean of feventeen 
obfervations between Augull xath and Sept. i. viz, before,, at, and after, my 
expedition to Mont Saleve and the Mole, I find the difference between my two 
barometers =1,0042 ineh, N'^ i^ilanding the higheft;. in thefe comparifons, 
however, the extremes fometimes. differed from the. mean =:=,oo6. And in my 
pafTage over Moat Cenis^ Vec^ i. barometer N^ i. flood lower than N** 2, 

by 
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ters of an hour or more in the fame pl^ce, to acquire the 
true temperature of the air, and this before and after 
every expedition. The frailional parts of a degree on 
both the attached and detached thermometers were 
iioted only by eftimation, but written down, to loths, 
being more convenient in the; computation; for I may 
femark,, that one-third of a degree on the attached ther- 
mometer is equal; to about ^^^ inch on the barometer; 
this attention,, tixerefore,^ to^ the fub-divifibna of the de- 
grees became neceffary. I conclude^ Ikftly, with pre- 
jKitiiing> that the weight ''^^ of any column of air maybe 
meafured with thefe barometers to ,008 indi, though all 
the errors ftiouldi ly^ the fame way* 

Leaving Geneva about half paft: fix in the morning,^ 
Anguft 2 oth, I arrived at the place a of my bafe a little 
before eight; near to which there happened to be a 
fliepherd's houfe, in^ which I left one of my barometers 
(N^ I.) with a £ervant, to, examine and oblerve it every 
five or tea minutes for near nine hours fucceiSively^ 

|)y— jOi-^ inch: it is diiBcult to account -fGrvthy May lotli, 1776, at Rome, 
N° I. ft^od loweftby — *,QOi. June lath, at Naples,, N° i. ftood lovi-eftby 
—,008,. Sept, io,th,Jn London, N? !• Hood higheft by. +,oOj6. Thefe 
apparent variations may poffiblyarife from fonae alteration Jn the frame? work 
©f the barometers through moifluiie, &cq* 

{k<) Imuil.not be underftopd to mean^ that the length of any.coliimn of aLi3\ 
jnay be meafured to an equal accuracy, even though our theory Ihould be per-? 
fe.d;. this will be the fubje6t of inquiry in its proper pjacc, 

untiM 
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until 1 returned; the windows and doors of the rooni| 
in which the inftrumejit was placed, being left open, by 
which means there was a free communication with the 
outward air, and the barometer not expofed to the Stin. 
The detached thermometer was hung on the window 
towards the north-eaft, where there was neither dire6l 
nor refle<9:ed heat from the Sun ^^\ The two barometers 

(I) I have thought proper to mention this, as it is aimoft the only circum- 
ftance wherein my method of obferving differed from Mr. de i,uc's, whofe 
thermometers (if I miftake not) were hung always in the Sun, and probably 
for this reafbn, becaufe the column of the atmoiphere between the two baro- 
meters, whofc mean heat is to be determined, is (if the Snn fhine) all dxpofed 
to the Sun, I have, however, always preferred hanging them in the Ihade, 
and T give the following reafons: all ipurious and local heat from reflexion is 
more eafily avoided; no concentrated and falfe heat is acquired by the mounting* 
and thence communicated to the tube, even though the ballihould be infulated; 
and, finally, becaufe I fufpeft the real temperature of the atmoiphere In the 
Sun and in the fhade to be the fame, or at leaft infeniibly different. This may 
be thought to be advancing too much; but, to be fatisfied of the pofition, Imade 
no lefs than four-fcore obfervations with four different thermometers of very 
different mounting, hung alternately expofed to the Sun's rays, and kvQmtd 
Xrom them by the Ihade of a tree, in an open plain at fome dlffance from the 
town of Geneva. The refult was, that my beft thermometer, with the ball 
infulated, differed only a*" in the different fituations; the others, more or lefs, 
as they were more or lefs conneaed with the frames in which they hung. One 
of them, inclofed in a glafs tube, rofe 12*" higher than the true temperature, 
which was 77^ It fhould feem then, that the variety in the mounting occa- 
fioned this difference; and this effe^ of the materials, of which the inflm- 
ment is made, cannot be wholly avoided, as the glafs ix£t\^^ which conffitutes 
the ball of the thermometer, will acquire and contain more or lefs, in proportion 
to its thicknefs and opacity. If a thermometer were perfea, it would refled 
all the rays that it receives. More might be added to corroborate this idei^ 
but it would fwell this note to an unwarrantable length* 

were 
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were here compared; and at a quarter after nine, begin- 
ning my walk, I arrived, not without fome fatigue, at 
the top of the mountain about noon. The view from 
thence was incredibly beautiful. Every objedt, thut from 
Geneva was ftriking, from thence appeared with an ad- 
ditional effe£t. The mountains feemed higher and 
nearer; the plain appeared a more perfe<Sl level, the fmall 
inequalities from this height becoming infenfible ; and 
a larger portion of the lake prefented itfelf : behind me 
an innumerable colle^ion of naked points and precipices^ 
all new objefts, that from below are hid by the mountain, 
afforded f refh and moll aftonifhing ideas of this very 
lingular part of the creation^ The clouds however (for 
it was a little hazy) unfortunately prevented my feeing 
Mont Blanc and the Glacieres, which were ftill farther 
behind. Some of the clouds were below me, and very 
near; exhibiting to me, atthattime^ a very fihgular phe- 
nomenon of the thunder grumbling under my feet. I 
was occupied here between four and five hours with dif- 
ferent obfervations. The barometrical ones I am now 
going to relate; and I fliall at the fame time give the 
computations of them according to Mr. de luc^s me- 
thod, or rather according to Dr. HORS ley's redtidlionof 
it to the fcalfes and meafures of this country (vide 
Philof. Tranf. voU LXIV.) with this difference, that I 

have 
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have reckoned the equation for the expaiifiom of quick- 
lilver =,00323 inch for every degree of Fahrenheit's 
thermometer in a cohimnof 30 inches, inftead of ,003 1 2 
which Mr, de luc iifed; the former I had collected from 
fome of my own ex|^riments made at Oxford in the 
beginning of the year 1773: this difference wiU not^ 
however, occafion an alteration in the refiilt of any one 
of my obfervations of more than five inches, and may 
therefore be confidered as of no account. Of the real 
vahie of this correction I fliall fpeak more hereafter. 

The barometer was £^t up on the mountain at one 
o'clock^ and left an hour and a quarter to acquire the 
temperature of the tent in which it was placed, before 
the firft regular feries of obfervation was taken. The 
fucceeding obfervations were made at intervals of near 
an hour each^ I have ventured to fet down the height 
of the barometer to |Oooi inch; but this is only the 
mean from three or four readings off. It feems that the 
heat of the tent was confiderably greater than that of the 
external air; this^ however, can only influence the ex- 
panfion of the quickfilver, ftiewn by the attached ther- 
mometer, and not the preffiire of the atmosphere. 
LaMy, the true difference in the height of the refervoirs 
of the two barometers, by comparifon with a and c^ w^as 
found equal 2^831.3 feet geometrically. 
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Comparison of the firjl feries. 
Obfervations at the top of the mountain at €• 

Barom. N® a* Tfiertn, Therm, 

above ate. attached, detached. 

In. Pts, o ^ 

25.7120 fS.o 65,0 

Corre£l for the diff, of the 1 r 

2 attached therm. 5^.9, J 

Barometer at the top, 25.6958 Log. 4098621 
below, 28.3951 Log. 4532434 



•Ma 



''?SK'''"°'''1 -6993DifF.of Log. 433.813 {^ffiffi^if S" 
Correa for 29".? of heat, — — . + 28.728 

Correal: height in fathom^ •• -^ 462,541 

X 6 



Height in Englifli feet by the barometer^ — 2775.246 
Height by the trig, method, — . -— 2831.3 

mmtmmmmmmmmmam 

Difference^ or error of the barometer tJUvi —56,1 



Obfervations below at a, 

Barom* N° i. Therm. Therm, 

below at A. attached, detached. 

In. Pts. ^ ^ 

28.3990 72.1 73.9 

€orre£t for the diff. 1 65.0 heat at c* 

of the barometer, J 3" — — ^ 

* •^ '■ "" ■ 69.4 meaii heat of the air. 

*28.395i f ftand. temp, accordin 

>'" ' - ^^'' \ to Dr. HORSLEY. 

•MMM»MMW> 

-f 29.7 diflfcrence. 

A tietached thermometer in the tent ftood at 72^ 
Vol. LXVII. Z z z Com- 



530 Sir GEOUGE ^h^cottrgm^s Obfdrvutkm 

Comparifm of the fecond Smies. 
Obfervatic^H at the top of tke motiiit iat e. 

Barom. N° 2. Therm. Thetm. 

above ate. attached. detached. 

In. Pts. o ^ 

27.7025 734 64.0 
Gorre£t for the Diff. of 1 _^ ^^ 
the two attached therm. J ^ 



Barometer at the top, a5«697S ^og. 4098908 

. below, — 28.^901 Log. 4531669 

Correa for 28^.8 of heat, — — + 27.7«7 

w ill I I • I II .■ 

Corrected height in fathoms, — * -*- 46o.53f8 

X 6 



Height in feet by the barometer ^- 2763.228 

.1. by the trig, method, — 2831.3 

mtmmmmmmmmmmmmmmim 

Difference, or error of the barometer xl^r^ —68.1 



Obfervation below at a. 

Barom. N*" i. Therm. Therm, 

below at a. attached, detached. 
In. Pts. 

28,3940 7.1.6 73.0 

Correft for the diff. \ 64.0 heat at c. 



©f barometer, J ^^ 



68.5 me^n heat. 



28.3901 39,7 flandard temperature. 



H- 28.8 difference. 



A detached thermometer in the tent flood at 69"*. 

During thefe obfervations the wind was S.W.; the 
weather hazy, accompanied with a little thunder. 

Com-' 
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Comparifon cf the third feries. 
ObforratMMis It the top ne^ c* 

Barom.N'*a» Therm, Therm, 

above at c. attached* detached. 

In* Pts* ^ ^ 

2J.6900 69.7 62.0 
Cbrfeafarthcdiff.oftheV , g 
2 attached therm. 1^4, J "*" ^ 

■ '■■ ■ ' ■ " ■ ■ 

Barometer at the top, 2C.6938 Xog. 4098^83 

' ■ ■ - ' below, — • 28.3896 Log. 453 '593 

wmmmmmmmmmmmmmtm mmmmmmmmmmmmmmmm 

Correa for o^f^^ of heat, — «- + 26.582 



tmm 



Corre^ height in fathoms, — — * 459.892 

X 6 



Height in feet by the barometer, -^ 2J7 59.352 

•— — by the trig, method, — . *- 2831.3 

Differenfce,orerror of the barometer tIM^, —71^9 



Obfervations below near to a. 

Barom. N** i . Therm. Therm, 

below at A* attached. detached. 

In. Pts. o ^ 

2B.3935 7 I.I. 72.5 
CorreaforthedlCl ^ 62.0 heat ate. 



•f barometer, J ^^ 



«i»i i»i . 



67.2 mean heat. 



28.3896 39.7 ftandard temperature, 

+ 27.5 difference. 

A detached thermometer in the tent flood at 65®. 

Z z z 4 Thefe 
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Thefe obfervations then feem to prove that the baro-' 
metrical rules were a little defecStive as to the true ratio be- 
tween the gravities of air and* quickfilver, viz. in the 
value of an inch of quickfilver in the torricellian tube, 
exprefled in inches of the atmoiphere with a given tem- 
perature. The firft comparifon gives for this error in 
defe^ -1 9*8 feet in every looo feet; the fecond, 24.0 
feet; and the laft, 25.4. feet: the mean of the three is 
^3.1 feet; and by fo much we may conclude that thefe 
rules, in greater heights alfo, will give the difference- of 
elevation too little, viz. by ~ nearly ^"^K But it will be 
fair to make the experiment. 

(m) Left any fufpicion fhould arife of a difagreement.bfetwecn the actual 

iBcafures taken by Mr. be luc and myfelf, I may obferve, that the mean rcfult 

of three obfervations, which I made independently of each other on the height ©f 

the Pitton or point c above tkt lake of Geneva, agree with the mean refult of 

Mr, DE iuc*s operation from the levelling and the quadrant, to lefs than twelve 

inches; a greater correfppndency than which cannot -be expected : and this was 

the true reafon why I chofethe fame.fpet he had pitched upon. ** Lt rocher 

** U^iii qui domine toute la mmiagne^^ As a further confirmation, I cjompared his 

ftandard fteel rod of twelve Paris inches, which his brother obligingly furnifhed 

me with, with my brafs one, and found twelve inehes on Mr. de luc's rule 

was on my rule, with 71** of heat, — — 12,784 Eng. inches, 

Corre£lion for the difference of expansion between \ , 
brafs and fteel with 16® of heat, — —.J "»" 7 



••"•W" 



JLength of Mr; de. luc's French foot with 55®, — . 12.7847 
True length of the French foot (vidi Phil. Tranf.) 12. 7 890 

Error or differenoe from the true Fan's foot -— — >oo43 = i^W aearly 



The 
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The Mole is a convenient, infulated mountain, 
£tuated about eighteen miles eaft of Geneva, and rifing 
near five thoufand feet above the lake, mnch higher 
than any body, that I know of, has ever made thefe ex- 
periments at, with the required precifion. On this fum- 
mit I determined to confirm twr correA my difcovery, and 
communicated my intentions to Mr. de saussure, a very 
ingenious gentlemiaa of this place^ and well ikilled in 
various parts of natmral and experimental philofophy, 
who gave nae all the information neceiTary, and obligingly 
px)mifed to accompany me, as did alfo Mr. tremble y, 
affiftant to Mr. mallet, well known in the aftronomical 
world. This expedition was undertaken in the latter end 
of Auguft and beginning of September. I Ihall here 
beg leave to fet the reader down at the bottom of the 
mountain, and flatter myfelf he will accompany me to 
the top. It was about five in the afternoon when we left 
St. Joire^ a wretched little village at the foot of the moun- 
tain to the eaft, and where we had dined in a moft mi- 
ferable auberge^ preparing to afcend the fummit on foot, 
being feven. or eight in company, including guides and 
fervants,. who carried my inftruments^ provifions, &c. ; 
the former confifting of the equatorial, the barometer, 
different thermometers, electrical balls, an hygrometer, 

and a dipping-needle; together with another barometer 

of 
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of Mr. DE Luc's eoBftru^lidn, a variation-needle^ a level 
belonging to Mr, DESA¥ssuRE, and a tent. Tbii^ acccw- 
tered we proceedfed up an afcent, not however very fteep, 
for three hoxirs and a half withoait inteitnijSion, the path 
leading m a fpiral kind of direction, very rugged and full 
of loofe pieces of roek that are brought down witih the 
itieltiiig fnows, pafling through rdmantic woods of fine 
firs and other trees, interfperfed here sind thare with a 
thin foil of excellent pafture. Before we arrived at the 
hut, where we were to fleep (for our intention was to lay 
upon the mountain that night, in ordar to have the mm^ 
tittle the next morning for our operations) having 
walked on a little too far before, we loft fight of our 
gtddes. We called feveral times, but were never an- 
fwered: — ^the night was now coming on; a kind of fog 
appeared, with fmall rain; our fituation became forae- 
what embaitaffing. We called again, but were anfwered 
by nothing but an echo, the plac^ being a moft profound 
folitude. We began now to confider ourfelves as loft. 
Mr. tm SAUSSURB, though he had been feven or eight 
times before upon the mountain j found himfelf in doubt 
concerning the way ; but after a fliort dilemma thought 
it beft to proceed. We did; and now began to perceive 
at a diftance fome little huts or hovels indiftinaiy : afew 
jftiore fteps aflured us we were right, and about nine 

o'clock 



in order i$ ij^fcertmn tie height of Mountains. 5 35 

o'clocfe we had tlxe good luck to find oiirfel ves at the very 
ht^vei, Whti* we Wfx^ to reft that night. I own I now 
fouad myfelf qwt:!^ contented, though 1 did not at all 
kaow what kind of place I was going to enter. It proved. 
to.tee ^ little hut made of boalrds, confifting of one apart- 
numt anlyi eighteen or twenty feet fquare^ and about 
tw^lVje ihigh in the x^enter, without any windows or 
duj^mey fcflr the fmoke, except what was made by the 
hotes in.the roof> and the interftices between the boards 
at .the fides, which were rudely put together, fcarce 
cjxi&r tfaaii jwk-palings, affording an equal entrance to 
the wind,; rain, arid fiiow ; for as thele hovels are inha- 
hitied only) fcM: about if our months in the fummer, they 
aw ©anftniiSted without the leaft mortar ©r cement in 
tkc wcarld ; \an humiliating witnefs this, how fimple the 
aardwtefture which nature and jaeceffity fuggeft. On en- 
tferiog we fiDund a comfortable fire, and the little cabane 
inhabited by a couple of Alpine ihepherdeiles and their 
two cows, on whofe whey and fome very coade bread 
they wholly fubfifted, not difcontented but even proud of 
thd^rlot; and who, out of a Angular fpecies of contempt, 
call the inhabitants of the plain ^^//^£-r(?/Af,that is,eaters of 
roaft^meat . Their language too was different ; . not Frencb 
nor Italian, but partaking fomething of both ; or, as I have 
been fince informed, a corruption, of the ancient Celtic. 
5 A few 
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A few minutes after our arrival our guide$ rejoined us: 
it was now night, and in this rather too artlefs habitation 
we were obliged to^ay in a little loft over the cows, our 
beds fome leaves and clean hay, and my bolfter my port- 
manteau^"''. I had had the caution to bring fome ftieets 
with me, and, being a little tired with mj walking, flept 
five hours pretty foundly, though much ilarved, having 
no other curtains than what this wooden canopy afforded, 
through which the ftars Ihone moft brilliantly. Between 
four and five we arofe; found the heavens beautifully 
ferene, and, having eaten fome of our provifions, left 
this habitation, which might be fituated about two-thirds 
of the way up the mountain ; and beginning our march 
about half after five reached the fummit a quarter before 
feven; but not without a good deal of climbing, and 
fometimes up an afcent of near 40'' for feveral hundred 
feet. One of my fei:yants, before he got half way, foimd 
his head turn round, and himfelf fo giddy, at the height 
and precipices (a frequent ejfFe£t in thefe fort of places) 
that he was obliged tQ return to the hut. In the 
^<:/Qut I faw the Sun rifing behind one of the neigh- 

(n) Frigida parvas 

Praeberet ipelunca domos, igncmque, laremquc,^ 
Et pecus, ct dominos communi clauderet umbra ; 
Sykcftrem montana torum cum fteraeret uxor 
Jtfondibus ct culmo. juv. Sat, vi, 

bouring 
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bouring alps with a moft beautiful eflfedl, and the fhadow 
of the mountain we were then upon extended fifteen or 
twenty miles weft. We had now reached the fummit; and 
there my curiolity finilhed in aftonifliment. I perceived 
my felf elevated 6000 feet in the atmofphere, and ftanding 
as it were on a knife-edge, for fuch is the figure of the 
ridge or top of this mountain ; length without breadth, or 
the leaft appearance of a plain, as I had expelled to find. 
Before me an immediate precipice, apicyoi above 1000 
feet, and behind me the very fteep afeent I had juft now 
mounted. I was imprudently the firft of the company : 
the furprize was perfect horror, and two fteps further 

had fent me headlong from the rock. 

On this fpot, with fome difficulty, we fixed the inftru* 
ments, and commenced our operations, after fome time 
Ipent in admiration at the profpe<a:, and familiarizing my- 
felf to the fcene. Before me, at fome diftance, was fpread 
the plain in which lay Geneva and the lake; behind it 
rofe the Dole, and the long chain of Mont Jura as far as 
the fort La Clufe, which we entirely commanded, as well 
as fome of the country beyond it. A little to the left, and 
much nearer, lay Mont Saleve, which from this height 
appeared an inconfiderable hill: to the right and left no- 
thing but immenfe mountain$,and pointed rocks of every 
poffible lhape,and forming tremendous precipices. Ixi the 

Vol. LXVIL 4 A- vale 
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vale beneath, fever al little hamlets, and the moft beautiful 
pafturages^ with the river Arve winding and foftening 
the fcene ; from whence arofe a thick evaporation, col- 
leding itfelf into clouds, which on the lake, that was 
quite covered with them, had the appearance of a fea of 
cotton^ the Sun-beams playing in the upper furf ace of 
them with thofe tints that are feen in a fine evening* 
To the fouth-weft appeared the lake of Amiecy; be- 
hind us, taking up one-fifth of our horizon, lay the 
Glaeieres, and amongft them, towering above all the reft, 
flood Mont Blanc. The circumference of the horizon 
might be about 200 Englilh miles ; and, though not one 
of the moft exten five, yet certainly one of the moft varied 
in the world. From this fpot the clouds had a ftriking 
appearance to an inhabitant of the plain ; very few of 
them at above one-fifth of the height that we were now 
at; not governed by t±ie wind, but moving in every pof- 
fible direction; feme of them feemed creeping along the 
ground,, whilft others were rifing perpendicularly be- 
tween the hills. And I may here remark,, that from 
Geneva I have obferved the clouds were generally three 
days in the week below the fummit of Mont Saleve; fo 
that the ordinary region of thefe vapours feems to be at 
that height in the atmofphere, where the barometer 
would ftand at about 26 inches in this climate. 

^ While 
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While at the top of the Mole, I was very fenfible of 
the cold, there being a briik wind, which, though fouth, 
came over the mountains of ice, and was very keen; 
infomuch that, about two hours after I had been there, 
I nearly loft the ufe of my fingers, and found my lips 
much affected and parched from the tranlition, having 
been ^ good deal heated in afcending with two waiftcoats 
and a great coat on. The thermometer, however, when 
I firft mounted, flood no lower than 48^. I muft here 
alk pardori for this long digreffion, which I have ven- 
tured to tranfcribe from my journal written upon the 
ipot. 

To return then to the obfervations. After what has 
been faid refpedting thofe on Mont Saleve, it will fuffice 
here to mention, that by repeated meafurements I de- 
termined the horizontal length of the bafe i , a (fee the 
chart) to be = 1250 ft. 3,9 inch; the z. at x^^c^ '^f %%^^\ 
21 at 2 = 77'' 48' 53'^; and the A at 3 = 6^^ 33' 49'^ The 
mean corre6ted angle of elevation of 3 from £ 
= 21^ 2,9' 34'^; ditto of 3 from 2=21'' 3' 41^^; andlaftly, 
the elevation of 2 from 1=0'' 47' 24'^ 
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Feet. 

Thefe obfervations give for the length of the iide i, 3, — 1069 1.9 

— — — — 2, 3,— 10886.7 

Height of 3 above I, — * — — 421 2.6 

■ ■ 3 above 2^ •— — . — . — 4194.8 

■'■ I ^ 2 above I, •— — — ^ 17,2 

And confequently, 3 above i deduced from the obfervation at 2, — 4212.0 

And laftly, the, mean height of 3 above i from th« determination, at T ...^ .. 
each end of the bafe, — — — J 4212-4 

The diflference in height, however, between the two 
barometers was only 421 t»3 feet. 

Here follow the barometrical obfervations '''V ^^^ their 
reduction* 

(0) Made between the hours of eight and twelve, in the open air and not in 
the tent, which could not be pitched on accout of the fmallnefs of the plain at 
the fummit; a brilk fouth wind, but fair. The barometer was fcreened by an 
umbrella* 



Com* 
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Compmifon of the frji feries on the Mole. 



Obfervation at the top at 3. 



GorreS: for tlie DilE of the 
two attached therm, 3 



: of the 1 
1,3^4, j 



Barom. N° 2. 

above at c» 

In. Pts. 

24*1437 



Therm, 
attached. 



Therm, 
detached. 

54.8 



+ 88 



Barometer at the top, 24.1525 

I I M l below, — 28.1253 



Log. 382962?! 
Log. 4490971 



^'fSK'^"- ''1 3-9^8 DifF.of Log. 66.350 {^?E,JrsHtin 



Correct for i8°.6 of heat, — . 

QotxtdiQ^ height in fathoms, — 



+ 27.431 

688.781 

X 6 



Height in feet by the barometer — • 4132.686 
by the geometrical meafurement, 42 1 1 . 3 



iDfiflerence, or error of the barometer. 



78.6 =r tmshi* 



Obfervation below at i . 



Barom. N° i, 
below at I, 
In. Pts. 
28.1295 

Cbrrc£l: for the difl& 1 

of barometer, J ^^ 



Therm. Therm, 
attached, detached. 



60.4 



6l, 



28.1253 



54.8 heat at 3* 

mmmmmmmim 

58.3 mean heat 

39,7 ftandard temperature* 



■4- 18.6 difference^ 



Hmmmmmmmmm 
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Ct>mparifon of the fecond Serm. 
Obfervation at the top at 3. 



Barom. N^ a. 
above at 3, 
In. Pts. 
24.1420 
CoiTe<fVforthedICoftlie"i 
two attached therm. 3°.S, J ^ 

■ nil I III! I.I !■ 

28.1258 



The;rm, 
attached. 

A9 



Therm, 
detached. 

56.0 



^og. 3829369 
Log. 4491049 



^^uSeT/^^'l'^l 3-9747 Diff.of ^66.^80 {"^Sm^f^ ' 
Correa for I9''.2 of heat, -* — 



in 



Correal height in fathoms, •— 

Height in feet by the fearometer, 

-I .--r- by the geom. method, — 

Difference, or error of the barometer, 



+ 23.330 

111 — r— 

60O.OIQ 

X 6 

4140,06 

4^1 1.3 



*li.t 2: 



-r. A« 



Obfervation below ai: i* 



Barom. N*^' i. Therm, 

below at i. attached. 

In. Pts, o 

28.1 30(3^ 60.4 
Correft for the diff. 1 ^^.^ 
of barometer, J * 



^ 111, H M W ^B 



Ml 



28.I25S 



Therms, 
detaehe^. 

e 

6i.i 



56.0 heat at 3. 

58.9 mean heat. 

39.7 fbandard temperature^ 



19.2 dilference. 
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Comparifon of the third Series. 
Obfervation at the top at 3. 



Bacom. N* jju 


Therms. 


Therm, 


above at j* 


attached, . 


detached. 


In. Pts. 








24.1670 


56.0 


56.0 


Corrca for the diff. of the 1 
two attached therm. 4°9. J ^ ' 




OS1*S^P> 







24.1797 

28a27& 



Log* 3*345<59 
Log. 44913^^ 



""'^Se? ''" "' 'i 3.948. Di£ of Log. 6S6.849 {^Pa^5^« 
Correa for I9"8 of heat, — -*• +29.0 



Correft height in fathoms^ ~ 



Height in feet by the barometer, 

«----------— by the geom. method. 

Difference, or error of the barometer. 



6&5.84 



i<>49 
X 6 



4115.094 
421 1.3 



96.2 = i%IIts* 



obfervation below at i » 



Barom. N° 2. 


Therm, 


Therm, 


below at 2. 


attached. 


detached. 


In. Pts. 








28.1320 


60.9 


63.0 


Correal for the difF. \ _^ . ^ 
oi" the barometer, J ^ 




56.0 heat at 3. 










59.5 mean heat» 


28.1278 




39,7 ftandard temperature 






19.8 difference. 



(p) In this cohimn for tlie detached thermometer at the top of the mountain, 
In this and the following obfcrvations, are inferted two numbers; the upper one 
cxprcfling the heat in the fliadc; and the lower one, with this mark O Prefixed, 
the heat jil the Sun. The computation, however, is made from the former;, 
ihi^ may fcrve to fjiew the difference. 
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Compurifon of the fomth feries. 
Obfervation at the top at 3* 

Barom, N^ 2» Therm. Thcrifl. 

above at 3. attached* detached. 

In, Pts. o ^ 

24«i7Bo 57.2 56.0 

Corrca for the diE of the 1 . jjq 057«'S 
two attached therm. 4°6, J ^ 



" I > ■ i 



24.i%9 Log. 3836341 

28.1318 Log. 4491976 



^?Ser:'^"''''1 3.94.9DifF.ofLog. 655.635 {!^^^'^ 
Correa for 20^3 of heat, — — +29 678 



Correa height in fathoms, .— •— 685.31. 



■MtfMW 



Height in feet by the barometer, — - 41 11:878 

__^, — by the geom. method, — 421 1.3 

Difference, or error of the barometer, —99.4 = tIIIc» 



Obfervation below at I. 

Barom.N°i. Therm. Therm, 

below at I. attached. detached, 

xn. irts. - 

28.1360 6i;8 63.9 

Correa for the diff. 1 56.0 heat at 3, 
of the barometer, j 4a 



60.0 mean heat. 
28.1318 39. 7 ftandard temperature. 

+ 20,3 difference. 



Com'^ 
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Comparifon of the Jifth feries. 
Obfervations at the top at 3. 

Barom. N° 2« Therm. Therm, 

above at 3. attached, detached. 

In. Pts. o o 

24.1840 57.6 57.0 

Correal for the difF. of the! , ^^ G59»3 
2 attached therm, 2°,8, J "*" '^ 

24.1913 Log. 3836592 
28.1308 Log. 4491820 



tmmmmmmim 



Difference 



'TSr/'^^^'^'l 3.939s DifF. of Log. 655..a8 }«^Slsf ^'^^ '" 
Correft for 20^8 of heat, — — +30.391 

III i i * II I ■ 

Corrcdl height in fathom, •— — 686.619 

X 6 



Height in feet by the barometer, — 41 1 3.7 14 

■ ■■■■ by the geom, method, — - 421 1.3 

m 

Difference, or error of thebiaromcter, «— 97,6 =: tS^. 



Obfervations below at i. 

Barom* N** i. Therm. Therm, 

below at I. attached, detached. 

In. Pts. ^ ^ 

28.1350 62,4 64.0 

Correft for the diff. 1 57.0 heat at 3, 



of the baiometer, J ^ 



60.3 mean heat. 



28.1308 39.7 ftandard temperature 

tmmmtmmimnimmmmmm »" *< h i' 

+ 20.8 difference. 
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Comparifon ofthejixtbferies^ 



Obfervatiou at the top at 3.. 



Barom. N'' a.. 
above at 3, 
In, Pts, 
24.1900 
Corre£i: for the difF. of the! 
two attached therm, i°6, J "*" '^ 



Therm* 
attached* 

o 

61.0 



Therm, 
detached. 

57 'O 
O60.Q 



24.1941 
28.1268 



^<>g« 5^37095^ 
Log, 4491204 



"^.tSer: '^" °' ^'1 3.93^7 Diff. of Log. 654.57 {''^St^'S^^^ 

Corre£tioii for 20°6 of heat, — — 4. 30.O48 



Gorre<Si: height in fathoms^. 



Height in feet by the barometer, 

— by the geom. method 



^ 684,157 



-fj" 



4104.942 



Difference, or error of the barometer, 



1^6.4 ^ T§^wr« 



Obfervation below at i . 



Barom. N° i. 
below at i. 
In. Pts, 
28.13^10 

€orre£i for the difF. 1 

of the barometer, J 



4^ 



28.1268 



Therm, 
attached. 


Therm, 
detached. 


6a.6 


63.6 

57.0 heat at 3. 




60 3 mean heat; 

39 7 ftandard temperature. 




20.6 difference. 



To 



inwderto 
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To collect thefe laft experiments in one fK>int of view. 




■ Feet* 


The ill feries gives for the error on every i ooo ft. 18,7 


ad, 


-«, . . _ . - X6.9 


3d, - 


', — , ^— . ^ %%M 


4th, 


; , ,~ .23,5 


Sth, 


■— ■• ■■ 23.1 


6th, 


^ . • ^ - .. . ■ -25. a 




The mean error, — 21,7 



which agrees within two feet in a thonfand with the de- 
termination on Mont Saleve. This refiilt then jiiftifies 
my condnfion (in p. 556.) and proves that either the 
proportional gravity of air and qnickfilver is now dif- 
ferent from what it was, when M. di luc made his 
experiments, t^ij^. from 1756 to 1760; or that his or 
my obfervations are defective* That my trigonometrical 
meafurements were fnfficiently exa£lj viz* to within two 
or thr^ feet, I think I have aheady Ihewn; and even that 
his were alfo. Within what limits my barometrical er-^ 
rors are to be found is not difficult to determine from 
what has been before premifed. That the fcale of Mr- 
Di LUC'S barometer was lefs ^curate than mine, is, 1 
think, without a doubt; and indeed he never attempted 
a divifion lefs than ^th of a French line, or about -n'^^ 

4 B 2 _ of 
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of an inch Engliili : and yet when I confider the number 
of his obfervations, and the tinexampled diligence and 
care with which he made them> I am obliged to attribute 
the difference of our refults to fome other caufe than that 
of inaccuracy. If then future experience fliould demon- 
ftrate, that the denlity of the atmofphere with a given 
heat is invariable, or nearly fo; while the preflure of a 
whole column of it continues the fame, we may perhaps 
fearch for the caufe of our difagreement from hence, 
viz. the barometers of Mr. de luc were not fufficiently 
near each other in an horizontal direction: mine were 
feparated from two to three miles; and his, I believe, at 
double or triple that diftance. It may be fufpedled, I am 
well aware, that the fyphon conftrudlion of Mr. de lucIs 
barometer might occafion this difference : let us fee whe- 
ther this be the cafe. Mr. de saussure (whofe inftru- 
ment was of Mr. de luc's confl:ru<£tion, and made, as I 
underftood, under his infpe6tion) obferved at the top of 
the Mole, or at leaft nearly on the fame level with my 
barometer, as follows : 



And 
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vBaromcler Thcrm.r«ttachtd. Therm. det» 
In. L. x6ths« OS Luc^sfcale. KEAUM.fcale. 



a^ 8 o +i°H- •no'*-* 

And in Engliih meafurc -and qPAHftEN- 1 ^ , ^^^ ^, 

Mr. DE sAussu re's barometer ordinarily 1^ 

ftands higher than mine.N* 2. by Tfii^, J * ' 
Correft for the difF. of our attached therm. l% -f ad 



Mr. DE saussure's barometer corr 6kt6y 24.1479 

My baroawtcr N° 2 . fee the firft feries, 24 1 437 — xgj 54.S 

DiflfereAce, -^ -^ H- ^0042 whc^ly iticorifiderablc. 

Our barometers may therefore be faidix) have agreed 
exactly. 

Mr. DE SAUSSURE made a fecond comparifon juft 
before we left the top of the mountain, which proved as 
follows* 

BaMoieter Therm, attached. Therm. 

In. L. i6th8» ox x.uc*8fcale. detached* 

22 8 8 +4^ +11^^ 



Or reduced to Englifh nieafure and fcale, 24.2014 61.7 57.9 

Mr. DE saussure's barometer ftands \ ^ ^ 
higher than mine N° 2. — }- ^^^^7 

Corr, for the difF. of our attached therm. o°.7, — .0018 

Mr. DE saussure's barometer corre(fled^ 24.1879 

My barometer N° 2. fee the fixth feries, 24.1900 61.0 57 

»M.— B—l ■ 

Difference^ «— — •—0.0021 



So that, in the firft comparifon, his barometer at the 
top of the Mole ftood higher than mine by 4-, 004 inch j 
and in the laft, lower by -,002; the mean is higher by 

(%) This we found by comparifons at the bottom of the mountain. 

+ ,001 
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+ ,oor, equal to about lo inches in deducing the height 
jof the mountain, a quantity wholly to be negle6led. 
Finally, the mean of Mr. de saussure's obfervations 
giveis the dcfe6t of Mr. de lug's rules a 1.9 in a thou- 
fand. The conftruftion of the barometer had therefore 
no influence on this dijEFerence. But further, while Mr. 
DE SAXJSsiTRE obferved the height of the barometer on 
the Mole, Mr. de euc, the brother made a correiponding 
obfervation with a fimilar inftrument at Geneva. I fhall 
relate this obfervation, computed after Mr. de lug's 
manner. 



Mn 
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In. L. i6ths« 

Mr. Dis sAussuRB, at 4 feet > 

below the fummit of the ?a2 8 O 

Mole, . ■ . — J 

Mr. DE «aussure's barom. -j 

Hands higher than Mr. D£ I +1$ 

LUc's ordinarily by, J H^tof the air. 
Thermometer attached + 1% — o| ' — ^ ;^ 

' i6th8 of aline. l-»0g. Therm. Therm. 

Corred height on the Mole, 22 8 o|=4352.| 6387587 +io — 13! 

Mr. DE LUC, 78 feet above \ 

the lake, — j 27 o o 

Therm, attahced +6% -«- — 6 



26 II 10 =5178 7141620 +1^ 



Difference of the Log. — — 754-033 Sum — lof 

^ 9**T ^ 4ooo^ = ^^^ correftion for the temperature, — 1 4. 854 -— ^— , 

Qoxx^di height in French toifes, — ^ 7 39« 1 79 

X 6 



Height in French feet, — — 4435.074 

Mr. DF Luc's barometer above the lake of Geneva, +78. 
Mr. DE saussure's barometer below the fummit of 1 
the Mole, — -« _ / •+• 4- 



And confequently, the fummit of the Mole above! 

the lake, in French feet, — — j45i7' 

Which reduced to Englifh feet is, •— — 4814. 
But, by a< mean of my trigonometrical operations, T qq. 

this height is C^iVtf chart) — - ^ J40»3- 



Difference, or error of the barometrical rules, —69. =: rh^-a* 

This laft obfervation ferves at leaft to fliew, that the 
error I am coatending for is on the defective fide, though 
it gives the quantity of it fomewhat lefs, but by no means 
deferves that confidence which the other comparifons do; 
for, befides that this fingle obfervation may be concluded 

lefs 
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lefs decifive, the trigonometrical ineafurement is alfo lefs 
accurate from the diftance; and, laftly, to ftipjx>fe the 
ftate of the atmofphere precifely the fame with refpe6t 
to weight in two places tweiity miles afunder^ is, I am 
afraid, a pojiulatum too hazardous to grant, I therefore 
fay^ that all thefeobfervations confirm the fame tmth^ 
that the atmofphere is lighter than Mr, OE Luc prefumed 
it. What had already been done may feem fufficient for 
the eftablilhment of this fa<ar; fori have always held, 
that-a few obfervations, welJ made and faithfully related, 
da. mx>re in the interprel^^ion of tiat^re, than a multi^ 
tude of crudj^, carelefs, and immethodical experiments* 
But I have not dpne: I wiihed to put this matter out of 
all doubt, and acQordingly undertook another expedition 
to the fumijait of M6ntSaleve, on the 1 8th of Septem- 
ber, and in a colder temperature : the experiments then 
made, with their refults, were as follows : 

The diflFerenceofadlual height by the two barometers 
was 1^828.9 -feeVthe barometer N"* !• Handing higher 
than W 2t. by rf ,0.038 inch, when compared at the bot- 
tom of the mountain* 



Com- 
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Comparifon of the Jirji ferks. 

Obfervation at the top of Obfervation at the bottom, 
the mountain^ 



Bardm. N® %. Therm. Therm, 
at the top* attached, detached. 



Barom.N**f« Themi, Therm, 
below. attached, detached, 

lit* - - I In* 



xn» ** I • • 

*5.6533 58.0 56. a {28.4040 58.1 58.8 

Feeti 

This gives for tiie height basrametrically, 2755 '^ 
But the true height was, — 2828.9 



KUntMBHa*, 



Difference, or error of the barometers, -.73,3=:^i|i^, 



Comparifon of the fecondferies. 

Obfervation ^ the bottom. 



Obfervation at the top of 
the mountdn. 



Barom. N* 2. Therm. Therm, 
at the top. attached, detached. 

^S^^Bi^ 5^*^ 57-0 



Barom. W i» Therm. Therm, 
below. attached, detached, 

28.404^ 5^*5 6o«8 

Feet. 

This gives for the height barometrically, 2^7 54'9 
But the true height was, -— 2^ 8 a 8 .9 

Differ«>ce,orerror<,f.hetarometen, -^^^.^^^ 
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Comparifon of the third feries. 



Obfenration at the bottoms 



Obfervation at the top of 
the mountain. 

Barom, N° 2. Therm. Therm. 
tt the top. attached, detached. 
In. o ^ 

%$.66%o 56.2 57.2 

Feet. 

This gives for the height barometrically, 2748.9 
The height by the trigon. method was, 2828.9 

Difference, or error of the barometers, — 8 o • o =; - ^ 



Barom. N** i. Therm. Therm, 
below. attached, detached. 

28.4^4^ 59*3 62.0 



£8£ 



00^ 



Cdmparifon of the fmrth Jeries. 



Obfervation at the top of 
the mountain. 

Barom. N® a. Therm. Therpi. 
at the top. attached. detached. 

25.6600 56.4 57.4 



Obfervation below. 



Barom. N*" * Theian. Thcrm^ 
below. attached, detached. 

28.4040 59.3 62.2 



Feet. 

This gives for the height barometrically, 2752.8 
But the true height was, • — 2828.9 

Difference, or error of the baromfeters, -76.1= -^^s. 



10000' 



In thefe comparifons I have not inferted the whole o£ 
the computation, as that may eafily be made by any 
perfon at leifure* Finally, the miean of thefe four laft 

feries 
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feries gives for the en^or on 1000 feet, 26.8. I think I 
have now fhewn, that the error afliuailly exifts ; it re- 
mains that we determine precifely the quantity of it. 
For this purpofe it will be proper to cdlle£l all the pre- 
ceding obfervations in one point of view. 

Table of the refult of all the barometrical experiments. 



Place of obfervation. 



True height 

trigonooietri- 

cally.. 



y 



Mont Saleve, 



At the Mole, 



Mont Saleve, 



2831.3 



4211.3 



2828.9 



Height by 
the barome- 
ters* 



2775.2 
2763.2 

^7594 
4^32.7 
4140. 1 
41 1 5. 1 
41 1 1 .9 

4113*7 
4104.9 

2755-^ 
27S4'9 
2748.9 
2751.8 



Mean 
heat. 



69.4 

68.5: 

67.2 

58.3 
58.9 

59-5 
60.0 
60.5 
60.3 

57-5 
S8.9 
59-^ 
59-8 



Error in 
feet. 



- 56.1 

- 68.1 

— 7J-9 

— 78.6 

— 71.2 

— 96.2 

— 99.4 
-. 97.6 

106. 1 

— 73-3 
^ 74.Q 

— 80.0 

— 76.1 



: Error in 

1000 feet. 



— 19.8 
— 24*0 
—25.4 

— 18.6 

— 16.9 
— 22.8 

— 23.i 

—25.2 
—25.9 

*— 26.2 
—28.2 
-T-26.9 



Mean error iri 
1 000 feet. 



Mean of all, 23.6, and the temperature 61^.4. 



The Mole, from two ob- ^ 
fervations of Mr. de ? 

J^AUSSURE, — J 

The fame by Mr. de-j 
SAUSsuRE, and Mr, de ^ 
i,uc, at Geneva, J 

According to Mr* -. the Mole, 
DB_Liic's own [theDole 
obfervations, lee V *, rj J 
Redenhes fur I i*if *^^^^* 
Utmofphere, J M' BUnc, 



421 1.3 



4883. 

4882.8 
4292.7 
8893.6 

H432>5 



4814* 

4860. 
4210. 
8770. 



92, 



.49. 

- 22.8 

. 82.7 
.123.7 

•339-5 



21.8 



■14. 

•47 
.19.5 

•139 
•23-5 



"P-* 



'%Z'U 



2i,y 



—26.81 



•16.2 
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The titles of the columns are fufficiently clear to make 
a farther explanation of this table unneceffary ; and it 
appears, I think inconteftably, upon taking a mean of my 
thirteen obfervations (and I fhall here confider only my 
own) on Mont Saleve and the Mole, that this error is 
about 0,0^^ feet on every thoafand; that is, the rules of 
Mr. DE LUC give the height by fo much too little. At 
the bottom of the foregoing table I have iubjoined fix: 
other comparifons, fome of them from Mr. de luc'S 
own obfervations, as recorded in his valuable work; 
which however I mutt add, are certainly of lefs autho- 
rity in this inquiry, as they were made with barometers 
a great way diftant from each other, viz. near thirty 
miles: befides which, the geometrical heights are, for 
the fame reafon, not fo accurately afcertained. I have,, 
however, ventured to make what ufe I could of them, 
viz. to fliew that thefe two give a refult on the fame 
fide, though not exailly the fame; and to urge the ne-* 
ceflity of a certain vicinity in thofe obiervations from 
whence a theory is to be deduced. 

Shall I be permitted to adduce another proof, in eon* 
firmation of what has been advanced ? When I firft took 
up the <x)nfideration of meafuring altitudes in the atmo- 
fphere with the barometer, and had heard only of Mr. 
BE LUc's labours, it occurred, to me, that there was a 

6 much 
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much more fimple method of arriving at this theory, 
than either he or I have fince purfued. It was this; to 
determine hydroftatically the fpecific gravities of air^*^^ 
and quicklilver, with a given temperature and preffure; 
the increafe of volume, or change of gravity, with a 
given increafe of heat being fuppofed to be known by 
the experiments of boerhaave ^'^ and haWkesbee ^''', 
which might be farther examined by fimilar ones ; and 
prefuming that the geometrical ratio in the air's denfity, as 
you advance upwards from the earth's furface, had been 
fiijB&ciently deraonftrated^"^. For the proportional gra- 
vity of quickfilver to air will exprefs inverfeiy the length 
of two equiponderant columns of thefe fluids, that is, 
when the cBlumns are taken infinitely fraall^^^. With 



(r) It may feem particular tliat I (hould prc^fe an experiment fuppofed to 
be very well known, and which hardly any elementary treatife cm chemiftry or 
experimental philofophy will not furnifli us with an example of; the weight of 
a given quantity of air, boyle, h alley, hawkesbee, hales, each of 
them have tried it, and many others fince their time: but the misfortune is, all 
thefe experiments have been but grofs approximations, without due attent on to 
the heat; and yet the determination of hawkesbee feems to have been followed 
by one-half of Europe in Pneumatical refearches. Indeed I only know of one 
experiment that has the leafl title to precifion, and that is Mr. caven- 
dish's, briefly related in the LV 1th volume of the Philofophical Tranfa£l:iofls, 

(s) Elemcnta Chemia;. 

(t) Phyfico-mechanical Experiments. 

(u) coTEs's Hydroflat. Leflures, et alibi. 

(fc) I am not forry to anticipate the reader's remark here, that this obfer- 
vatioji is not new; fince I find that I have been treading the fame-fleps with 
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tliefc ideas I made the follo^dng experiment. I caiifed a 
glafe veflel to be blown fomething like a Florence flafk, 
or rather larger; to the neck of this was adapted a brals 
cap v/ith a Talve opening outwards, and made to ferew 
on or off, togjether with a male fcrew, by which it was 
fixed to an excellent pnmp of Mr. nairne's conftru(Stion, 
and exhaufted of its air, or at leaft rarified to a known 
degree: the veflel was then carefully weighed with a 
fenfible balance, and again after the air was re-admitted*; 
the difference gave the weight of the air that had been 
exhaufted. After having repeated this two or ttoee 
times, the veflel was exa6lly filled with water as far as 
the valve, which had been the term of capacity for the 
air ; this was done by icrewing on the cap till the fuper- 
fiuous water oozed all out, and upon inverting the veflel 
there appeared not the leaft fign or bubble of air; I 
therefore concluded, that the volume of water was pre- 
cifely the fame as had been the volume of air, a circum- 
ftance that fliould be accurately attended to. It was then 
carefully weighed, and compared with its weight when 
full and deprived of its air. It will readily be feen, that 
I had then the fpecific gravity of the two fluids, upon 
fuppofition that tlie figure of the glafs had not altered 

Mr. BOYLE and Dr. halley, who both made ufe of this method; the one with 
a view to determine the limits of the atmofpherc; and the other the height of 
Snowden. 

a by 
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by preflbre during the experiment ; and this ejfFe£t may- 
be prefumed to have been the moft fenfible, when th^ 
veflfel was filled with water, the preffure at that time 
being from within. To affiire my felf of this, I let, in a 
finall quantity of air, which formed a bubble of about 
one-third of an inch in diameter, and upon imraerging 
the glafs in another veffel of water, whereby the pref- 
fure within was counter poifed by a preffure without, the 
bubble feemed to contrail itfelf by a quantity, as I found 
afterwards, equal to about two grains in weight, or -—^ 
of the whole contents. I therefore concluded, that this 
correction was hardly worth taking notice of, and ftill 
lefs the effe£t from external preffure when the glafs was 
exhaufted. At every operation the height of the baro- 
rneter and thermometer (placed clofe to the veffel when 
the air was weighed) was noted down, together with the 
height of the pump-gage, which, compared, with the 
barometer in the room, ihe wed the quantity exhaufted.. 
The refult of the experiment was as follows, the baro- 
meter in the room ilanding at %g*%7 inches, and the 
heat of the room 53 ^» 
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Feet. 

The bottle empty or exhaufted till tlie gage ftood at 29* 15 Inches > 

weighed (determined from four diiFerent trials, and the balance r 265^^0 
turning with rV of a grain) — ■ -— — J 

Increafe of weight when filled, with air, from four trials certiutl] . ,x ,. 
to tV of a grain — ^ *-*- — J t* *^*J 

Bottlefilled with water, whofe heat was 51% — i--. x^aiO«o6 

Weight of the water, exclusive of the bottle, •— ^— . 13562.60 

But the bottle was cxhaufted only in the proportion 
of 29.15 inches to 2^9,27 inches; therefore if a perfe<St 
vacuum could have been made, the difierence of weight 
would have been 16.2a grains inftead of 16.13 grains. 
Again, the water was colder than the air by a**; the one 
beirig 53°, and the other only 51^: now water, from 
former experiments, I find to expand about ^sloo with 
i"" of heat; therefore, if the water had been of the fame 
temperature with the air that was examined, the weight of 
an equal volume would have been only 13558,5 grains; 
and laftly, 13358.5 divided by 16.22 gives 836 ^^^^ and 
by fo much is water heavier than air in thefe circiim* 
ftances. 

(y) KAWKEs bee's experiments made the air 850 lighter than wnter, the baro- 
meter being at 29.7; and IDr. h alley fuppofed it about 800. Mr. caven- 
dish, in weighing 50 grains of air, when the barometer .was at .29I, and the 
thermometer at 50°, concluded the fpecific gravity of air to be abont 800 alfo. 
Now my experiment, reduced to the fame circumftances with his, would give 
817 for this gravity, no great difference in an. affair of fach delicacy. 
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By former experiments I find the fpcclfic gravity of the quick- -j 

filver of iny barometers, compared with rain-water in 68^^ > 13 606 to r 
of heat, as, — — -- — ^ 

And 68°— -5 3° 1^:15'', corred therefore for 15° of expan-fion of 1 , q,o 
quickfilver, ^- — - — J 

Corred for 15** of expanfion of air, —- • — — ,031 

True fpecific gravity of quickiilver, with 53° of heat, 13-594 

Which multiplied by the, fpecific gravity of air,. — • x83j5 



Gives for the comparative gravity of quiekiilvcr and air, when \ ^ , 
the barometer is at 29.27, and the thermometer 53% — J ^3 4» 



. Feet. 

And laftly, i^yth of an inch of quickfilver, when the barometer flands at^ 
29.27 inches (viz. from 29.22 inches to 29.32 inches) with the tem- > 94-7 
perature 53°, is equal to a column of the atmofphere of, — J* 

This quantity, according to nw barometrical obfervations, is^ — 93«83' 
> I to mv. DE LUc's rules, -— -~. 91.66 

We fee here then that the ftatical experiment agrees 
with the refult of my barometrical ones to within about 
1 1 inches in loo feet, and I am not fure that it is not 
ftill capable of much farther precifion ; and though per- 
haps alone it might carry with it, to fome perfons, a lefs 
conclufive teftimony, who relu6tantly reafon from the 
little to the great, yet, in conjundkion with what has been 
before fhewn, I think it has confiderable weight; and I 
am the lefs inclined to reje6t fuch an indired method of 
proof, as I have the great authorities of h alley and 

NEWTON on my fide''*^, 

I have 

(%) '^ Ce qu'il y a d^eflentiel a obferver ici," fays Mr. de luc, ** et vrai- 
** ment digne de re'narque, c'eft que par la feule connoiflance des pefantcurs 
**^ fpe<sifiques de Tair et du mercure, HALtEY eft parvenu a une regie trcs 

Vot. LXVII. 4 D ** approchantc 
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I have thus endeavoured to fhew then that the error 
of the theory is - -j^ll^ when the temperature of the 
air is 61 ''.4 (fee the table of the refult of the ebferva- 
tions). It remains therefore, finally, that we deduce a 
rule, the error of which fhall be nothing, vm. to fkid 
the temperature wherein the difference of the loga- 
rithms of the heights of the barometer, taken to four 
places of figures, will give the true difference of eleva- 
tion in Englifh fathoms* Previous to this^ ihveftigation^ 
with which I intend to conclude this paper, it will be ne- 
celTary to remark, that by repeated experiments with the 
barometer,, I find a fmall difference in the equation for 
the expanfion of air by a change of temperature, and 
even in that of quickfilver from the fame caufe, from 
what Mr. be luc^s obfervations have given it^""-^. I fliall 

** approcliante de celle^ qu'^tiu grand nombre d*obfervations du barometre dans 
** les Cordelieres ont dide depuis a M. BOVGUEit : cependant malgre I'appui 
** que ces. experiences, fe pretent reeiproquement, on verra qu'elles etoient encore 
** bien eloigaees de fournii: une regie geaerale." Recherches fur TAtmo^here, 
fe£t. 267. 

(a) He indeed made his experiments on the atmofphere itfelf with the 
barometer, in order to determine the variations of its denfity ; but iince it 
appears that the abfolute denfity of this fluid is different from^ what he fup- 
fofed it, it is no- bold conjefture to* prefume that the degree of its variation 
ihould be different alfo;. and to afcertain this ppinl;^ I have preferred the 
inftrument above-mentioned to the method ufcd by Mri de tuc,. how direct 
foever his may feem; for in determining minute quantities or equations, we 

muft aot embarrafs ourfelve^ with the compound eied of top npiany caufes at a 
time* 

JXOX 
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not here trouble t&e reader with the experiments at 
large, too limple in thetnfelves to deferve fuch a detail^ 
iinlefs a fiitnf e occafion Ihould render that neceffar)^, as 
the methods here mfed may be met with aniongft 
hawkesbee's or Mr, boyle's experiments; and content 
myfelf with relating only the refult of the different 
trials. 

1000 parts of air of the temperature of freezing and 
preflure of 36^ inches, increafed in volume by an addi* 
dition of i degree of heat on Fahrenheit's thermo* 
meter as follows s 



Obfervations* 


Number of de- 
grees the dirwas 
heated. 


Expanfion for i^ 
In loooths of 
the whole. 


^ 




• I 


14,6 


2.30 




2 


32.^ 


2.43 






3 


40.3 


2.48 




With the fitft ^ 


4 


46,6 


2.4s 


Mean from the €rll 


manometer. 


5 


49«7 


2.48 


manometer 2.44» 


. 


6 


Si-« 


a.51 




■ 


1 


23.7 


2.36 






.8 


I3-X 


2.24 






^9 


22.0 


2.38 


1 


With aaothet 
manometer, -^ 


10 
II 


28.0 


2.50 

2.34 


Mean from the fecond 
" manometer 2.42 




12 


3<5«« 


2.44 






b 


22.6 


2.44 


, 



4 D a 



The 
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The mean of thefe two forts of obfervations, made 
with different inftruments, is a. 43, viz* 1000 parts of 
the air at freezing become by expanfion from 1° of heat 

Pts. Pts. 

equal 1002,43 or 1002.3S5 with the ftandard tempe- 
rature sg'^.y. Mr. de luc's experiments reduced give 

Pts. 

this quantity equal 100 a. 2 3^^^ (fee Tranf.). It may 
be imagined, that I fhould have had a more accurate con- 
clufion by making thefe obfervations in greater dif- 
ferences of temperature than what is ihewn in the fe- 
cond column of the above table ; but it did not appear 
fo to me. On the other hand, I found that it was abfo- 
lutely neceffary that the fame heat fhould be kept up for 
fome hours together, in order that I might be fure that 
the air within the inftrument, the glafs tube that con- 
tained it, and the air without it, all had acquired the fame 

(h) It has generally been fuppofed, that air expands ^rl^ with each degree of 

the thermometer, commencing from the mean temperature 55*^; and, in confe- 

quence of this, aftronomers have computed tables for corre^ing their mean 

refractions 5 but, upon reducing the refult of my obfervations to the temperature 

55% we fhall have the correction of the refradion for 1° =tsVtW or -^rl-;-. 

Now according to Mr. de luc this equation is Tiyfrs =Tf7> which would 

produce a difference of about 4" in the corrected refraCtion, upon an altitude of 

5% with tlie temperature 35°. If my numbers may be fuppofed to -deferve equal 

confidenoe^ the error of the ti^bles in common ufe, in the above ckcumftances, 

would amount to only half that quantity, and theref©i« probably will be 

thought fcarce worth correcting, I have nientioned tliis in order to obviate thg^ 

conciulions that have been drawn by fome pcrfons from Mr.DE luc's theory. 

unifoiTa 
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imiform temperature, which in my room I found not 
very eafy to efFeft in heats greater than 70° or 8o% I 
have therefore preferred repeating the experiment with 
fmall differences of heat j but fuch, however, as will in- 
clude almoft all the temperatures in which barometrical 
obfervations are likely to be made, viz. from sa"" to 83"^* 
It has been fulpeiled, in confequence of fome experi- 
ments made by a very ingenious member of this Society, 
that air does not expand uniformly with quickfilver; or 
that the degrees of heat ihewn by a quickfilver-ther- 
mometer would be expreHed on a manometer, or air- 
thermometer, by unequal fpaces in a qortain geometrical 
ratio, I do not deny this propofitioni but I have alfo 
very little reafon. to aflent to it^ if I may truft my own 
experiments, which certainly evince that this ratio, if 
not tr\4y arithmetical, is fo nearly fo as to occafion no 
fenfible error in the meafuring of heights With the ba- 
rometer; and that is all I contend for. The fmall dif- 
ferences that are feen in the above table of thisexpan- 
fion, deduced from a mean of 14° or of 40% I would 
attribute rather to the errors of obfejvation than to any 
a<Jtual irregularity in jiature* If, however, this progref- 
iion be iniifted upon, it Ibould feem, that the degree of 
the air^ expanfion increafes with an increafe of heat ; 
aad that the difference of volume or denfity from 1° of 

heat,. 



1 
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heat, atiy where within the limits above-mentidneaj. 
would hjp about one part iii five thomfand from what I 
take it at a mean. 1 Ihoiald not have infifted io long on 
this circiimftance, but in refpeft to the known accuracy 
of the author of this hypothecs. Neither do I find any 
reafon to believe,^ that the expanfion of air varies with 
its denfity. I have tried air whofe denfity or preflhre 
Was eqi^to ^3|incheS| and alfo t^ forty inches; but the 
dilatation, with equal volumes and equal degrees af heat, 
was very nearly the fame in both cafes. I might add a 
jgreat deal more onthefe mandmetrical experiments, but 
I am afraid it would be more tedious than ufefuL I pro- 
ceed therefore to the expanfion of quickfilver. 

This experiment was made with a tube, fomething 
like a thermometer, but confiderably larger than the or* 
dinary fize, and open at one end; it was filled with 
quickfilver to a certain height, and then €xpofed to the 
temperatures of freezing and boiling repeatedly, the ba- 
rometer being at 30 inches : the difference of the volume 
in each inftance was determined afterwards by accu- 
rately weighing the contents. I thus found, that if the 
quickfilver at freezing be fuppofed to be divided into 
^3119 parts, the increafe of volume by a heat of boil* 
iiig water became equal to so 8 of thefe parts = —<, and 

-in^ 'ih^ a 14^ 6? ^^^ fuch would be the expanfion for 

2t each 
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each degree of thfe tKermometer, commencing from the 
iireezing pdint^ = on a column of 30 

inches of the barometer^ if the glafs had fuffered no ex- 

■',■•'-'-' ^ ' , ' ' * 

fptnfion during the experiment. This, however, has 
lieea foimd to he with 1 80"^ of heat == ^ in folidity 

(prz^ the cuber of its longitudinal expanfion) and 

i. ,.'._.. ■-■•-, , . 

1^ >^*Tio =^7il:oa = 610004a inch, for the effaft of the 
expanfion of the glafs for i"" upon a column of 30 
inchesjthis added to tiie quantity before found, which 
was only the excels of the greater expanfion above the 
l6is, gives for. the true equation for each degree o,oo3?>4 
Inch when the b^ometer ftands at ^o mches^'^. Mr. jm 
i^yc^a corre6iioii in this cafe was o, o o 3 1 a, ; a difference 
:&<fmatl: that I ihall take no notice of it as to its influence 
mpon our qbfervationSi It may deferve a remark herei 
that this equatktti rigorouflf taken iSv variable according 
to t!he height of the thermometer; for 1% which at 

frj! it hat. been ftifpelled^ and I Micve will appiear from very good obferva- 
tions, which howcvci^I neve^ made myfelf, that the expanfion ©f quickfilvcr is 
the barometer is not dire£l;ljr as the heat Ihewn by ilhc thermometer, but in a 
jatio fometbing diiFereitfi owi%>^^ii^ of ihe qisickfilver beii^ converted 
Into an ela^c vapour in the vacuum tha-t takes place at the top of the Torri- 
cellian tube|. which preflbs upon the column of (|uickfilveri and thus counteracts 
in a fmaU degree the expaniion. from heal. It does Jiot, however> appear to be 
a confideiable quantity, not amounting to above onefixteenth of iie whole 
'CacpanHoxi in a range pf ^^ of temperature; I (hall' therefore venture to ^on- 
fi4cr this equation aiii?uly,«4ifof in, fiftc€^the eiaror on tea thoufand feet would- 
jMOtamooQCtafivei. 
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freezing is = ^~j of the whole volume, at the tempera-- 
ture 82^ becomes —p-, a difference indeed that may 
fairly be neglected, and which I negle6t myf^lf ; yet I 
cannot help obferving, in juftice to Mr. de LUC, that his 
method of reducing his barometers always to the fame 
ilandard temperature, was free from the error I am 
fpeaking of. 

To conclude, the defeat of Mr. de luc^s rules Being 
fuppofed tI|Io> or, which comes to the fame thing, the 
correiilion being + t4|||o> when the temperature of the 
air is 61"*. 4, and the true expanfion of the air for each 
degree being t^^X^ when the heat is 59^7; required to 
find the temperature wherein the difference of the loga- 
rithms ihall give the true height in Englifh fathoms, 
tliat temperature^ according to Mr. de luc, being 39''.74y 
and the expanfion t^^. 

Let T be the temperature 61^.4; s Mr. de lug's 
Ilandard temperature; e the expanfion for i""; ^ the fame, 
according to Mr. de luc; athe fuppofed correcStion of 
the rules, arid a; the temperature fought. We have then 

the following formula, t- s x e- e^^^ - a - s- at, wherein 
proceeding with the above numbers s— a: comes out 

(d) This fign is negative, becaufe the affiimed expanfion e is lefs than the 
true one e, and confequently tended to increafc the apparent error of the rules; 
had it been greater, « would have been -t • 
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8*** 50, and confequently Ar=3i^.a4 the temperature re- 
quired; whichj if it fliould be thought convenient^ may 
be Gonfideredas the freezing point. 

In the whole of tke above inq\:iirY I have taken no 
notice of the effect of gravity upon the parfiicles of the 
air at different diftances from the earth's center, which 
ftiould doubtlefs enter into the account, and which would 
oecaiion the denfity of the atmolphere to decreafe in a 
ratio fomething greater than the prefent theory admits 
of. In a height of four Enghlh miles Dr. horsley finds 
(PhiL Tranf. vol. LXIV.) that the diminution of denfity 
or volume from the accelerative forceof gravity would be 
only ~ part of the whole, or about 48 feet ; and I may 
add to this, that this efFe6t will be in the duplicate ratio 
of the heights, fo that at one mile high it becomes only 
three feet. A like effect takes place alfo below the fur- 
face of the earth, as in meafuring the depths of mines, 
&c. with this difference, that here it is but half the quan- 
tity; in the former inftance gravity within the earth 
being fimply as the diftance from the center; they are 
both of them, however, circumfkances that deferve no 
attention in practice. 

This would be the place for me to enumerate the 
many defiderata, befides thofe already hinted at, that ftill 
remain for the perfection of this theory ; fuch as the 

To L. LX Vll. 4 E laws 
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laws of heat, that obtain in the different regions of the 
atmofphere; the effe<Sts of moifkure, winds, the eledtric 
fltiid, together with the weight and qnaUties of the air in 
different countries, &.c. ; that at the fame time that I am 
congratulating the prefent age on one of the mx)ft bril- 
liant difcoveries in natural philofophy, I may be under- 
flood alfo to encourage every lover of fcience to ftill farther 
enquiries in a branch of knowledge no lefs ufeful than 
ingenious ; particularly in a kingdom wherein, from its 
commercial interefts, and in confequence its many inland 
navigations, every improvement in hydroftatics, J:he art 
of levelling, or geometry, cannot but tend confiderably 
to the public benefit. The fources of fcience are not 
eafily exhaufted; multitudes of them remain wholly 
unexplored* If novelty can afford a charm, the path I 
am fpeaking^of, till of late, has been theleaft frequented j 
witnefs the frelh, important truths in Pneumatical re- 
Marches that, from, zeal and fafliion, every day's expe- 
rience affords* I might here offer too a tribute of applaufs^ 
(and am fure in concert with this whole affemWy) juftly 
due to the indefatigable labours of him whofe fteps I 
hare purfued; but I am convinced he will rather hear 
me acknowle%e our obligations to the ancients than any 
panegyric of himfelf. Be the benefit we receive frona 
them oui: encouragement to proceed. 

7 MuUum 
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Multum egerunt^ qui ante ms fuerunt^ fed non pere^ 
gerunt: multum adbuc reflat operiSy multamque reflabit\ 
nee ulli nato pofi mille f acuta prscludetur occajio aliquid 
adbuc adjiciendi.^ sen. Epift. 64. 
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I N the fubfeqiient pages, which I have now the ho- 
fiour of laying before the Royal Society, I have drawn 
up, and I hope in a form the moft commodious, the ne- 
ceflary tables and precepts for calculating any acceffible 
heights or depths from barometrical obfervations, and 
without which I thought the preceding memoir would 
be incomplete ; referring, however, to that for the proofs 
or elements from whence the tables have been com- 
puted. And herein I have endeavoured to adapt myfelf 
to the capacity of fuch perfons as are but little conver- 
fant with mathematical computations, but who may have 
frequent opportunities of contributing fomething to the 
advancement of fcience by experiments with this ufeful 

4 E a inftru- 
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iiiftrument, which is now become nearly in as comraoii 
pofleffion as a pocket watch. I have induftrioijlly 
avoided the method of logarithms^ pfopofed by Dr* hal- 
LEYj and adopted by Mr. de I4UC5 both becatjfe fueh 
tables are not in the hands of every body> and becanfe I 
have perceived that many perfons of a philofbphical 
turn, though jfkilled only in common arithmetic, have 
been frightened by the very name: a> method lefs popu- 
lar, however elegant, would have been lefs generally 
ufeful. To thefe tables is fubjoined a lift of feveral alti* 
tudes, as determined by the barometer : this will ferve to 
Ihew the ufe I have made of the inftrument, and will at 
the fame time exhibit the level of a great number of 
places in France, Savoy^ and Italy, and, as I think, be no 
improper fupplement to exemplify the ri^^es. It might 
have been expe<Sted that I ihould have faid fomething on 
the theory of barometrical obfervations, and have laid 
down the laws and principles on which it depends; but 
as that has-been fo amply done by other writers of in- 
eontefted authority, I fliall content myfelf with inferting 
only the following propofitionsa 

I ft. The difierence of elevation of two places may be 
determined by the weight of the vertical column of the 
atmofphere intercepted between them. 

Ik ^d, li 
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ad, If then the weight of the whole atmofphere at 
each place can be afcertained, the weight of this column, 
viz. their difference^ will be known • 

3d, But the height of the quickfilver in the barome- 
ter expreffes the total weight of the atmofphere in the 
place of obfervation; the difference, therefore, of the 
height of the barometer* obferved in two places ^t the 
f^me time, will exprefs the diference of elevation of the 
two places^ 

4th, But further, the weight of this column of the 
atmofphere is liable to fome variations, being diminiflied 
by heat> and augmented by cold ; and again, a limilar 
alteration takes place in the column of quickfilver^ 
which is the meafure of this weight. 

5 th, If then the degree of thefe variations can be de- 
termined, and the temperature of the air and quickfilver 
at the time of obfervation be known, the weight of this 
column of air, or the difference of elevation of the two 
places, will be concluded as certainly as if the gravity of 
thefe two fluids, with all heats, remained invariably the 
fame: this is the whole myitery of barometrical mea-* 
fiirement^ 



>«T- 



574 ^^^ GEORGE SHirCKBURGH'S OhfervatiOiu 



APPLICATION. 

The height of the barometer ia Englifh inehes at any 
two places at the fame inftant, and the heat (according 
to FAHRENHEIT'S thermometer) to which it is expofed^ 
being known, together with the temperature of the air 
at each place, obferved with a fimilar inftrument ; re- 
quired the difference of elevation of the two places in 
Englifh feet. 

R U L £• 

Precept the ifl, With the difference of the two thermo- 
meters that give the heat of the barometer (and which, 
for diflinilion fake, I fhall call the attached thermome- 
ters '^'^) enter table I. with the degrees of heat in the 
column on the left hand, and with the height of the 

barometer in inches, in the horizontal line at the top; in 
the common point of meeting of the two lines will be 

found the correction for the expanfion of the quickfilver 

{s) It is fcarce neceffary to remark, that, in order to make good conclufiyc 
obfervations, it is proper to be furnifhed with two barometers, and four ther- 
mometers; vt%. one attached or inferted in the frame of each barometer; and 
the other two detached from them, in order to take the heat of the open air; 
for it will feldom be found, that the thermometer in the frame of the barometer 
and that in the air will fland at the fame point, and for a very evident reafon. 
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by heat, expreffed in thoufandth parts of an Englifh 
inch; which added to the coldeft barometer, or fubtraAed 
from the hotteft, will give the height of the two barome- 
ters, fuch as would have obtained had both inftruments 
been expofed to the fame temperature. 

Precept the ad, With theie corrected heights of the ba-* 
rometers enter table II . and take out.refpe6lively the num- 
bers correfponding to the neareft tenth of an inch ; and if 
the barometers, corrected as in the firft precept, are. found 
to ftand at an even tenth, without any further fraction, the 
difference of thefe two tabular numbers (found by fub- 
trading the lefs from the greater) Will give the approxi- 
mate height in EngMfli feet* But if, as will commonly 
happen, the correcSt height of the barometers fhould not 
be at an even tenth, write out the difference for one 
entire tenth, found in the column adjoining, iotitled 
Differences % and .with this number enter table IIL of pro-* 
portional parts in the firft vertical column to the left 
hand, or in the xith column, and with the next decimal 
following the tenths of an inch in the height of . the 
barometer (viz. t\ic hundredths) enter the horizontal 
line at the top, the. point of meeting will .give axertain 
number of feet, which write down by itfelf; do the fame 
by the next decimal figure in the height of the barome- 
ter /'i^/;^* the thoufandths of an inch) with this difference, 

ftriking 
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iMking off the laft cypher*to the right hand for a frac- 
tion; add together the two numbers thus fotind in the 
table of proportionable parts, and their fiim fubdudt 
from the tabular numbers juft found in table 11. ; the 
differences of the tabular numbers, fo diminiihed, will 
gi¥e the approximate height in Englifh feet. 

Precept the 3d5 Add together the degrees of the two 
detached or air-thermometers, and divide their fum by 
2, the quotient will be an intermediate heat, and muft 
be taken for the mean temperature of the vertical co- 
lumn of air intercepted between the two places of ob- 
fervation: if this temperature ihould be ^t^ .on the 
thermometer, then will the approximate height, before 
found, be the true height; but if not, take its difference 
from 3i°p and w'ith this difference feek the correction 
in table IV. for the expanfion of air, with the number of 
degrees in the vertical column on the left hand, and the 
approximate height to the neareft thoufand feet in the 
horizontal line at the top; for the hundred feet ftrike off 
one cypher to the right hand; for the tens ftrike off two; 
for the units three: the fum of thefe feveral numbers 
added to the approximate height, if the temperature be 
greater than 3 i^p fubtra<Sted if lefs, will give the correct 
height in Englifh feet. An example or two will make 
this quite plain. 

E 'X A M P h E 
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Let the height of the harometer, obferved at the hot* 
torn of a mountain be a 9 ,4 inches, the attached ther^ 
mometer 50% and the heat of the air 45''; at the fame 
time that at the top of the mountain the barometer is 
found to ftand at a 5.1 90 inches, the attached thermo- 
meter at 46% and the air-thermometer at 39**!; re* 
qtiired the height of the mountain in Engliih feet* 
Set the numbers down !n the following order: 



Vol- LXVil. 4 F Obfer- 
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>bfer¥atioi 


a at the bottom. 


Baiometerii 

la. 
29400 


Therm. Therm^ 
attached* in the air« 

50° 45' 

46 



UMi Qf tie two attached ther«iometers,. 4 



DJbfervatioh' at the. top. 

Barom. Therm. Therin, 

attached, lA Ae alr« 
In. 

€orre£l for the iW. of the! ^^ 45 

tm^o attached therm, viz. 4% J 



Height of the uppermoll^ 
teroroeter, reduced to the r 
fame heat as the lowermofl, j ^ 



a) 841(42! mean heat. 
31! ftandard heai^ 

II difeence. 



■»••, 



Gorrea for 1 1% fee tab, I¥. 
on 4000 feet IC16.9 
on 16 — ' +5 



or on 4016 +.107,4 



In*. Feet. 

Tabular: nwmher, fee lak 11. 1 ^ ^^^ -. i:^« * 
correfpondingto, ^ ] 25.200 = 6125.0 

The fame, correfpondi ng to 29,400 = 22o8.a 



» < iiiii" 



Approximate height in feet. 



4016J 
Corredion for 1 1^ of heat on 4616 feet,, add, -<- -^ 1074 



Corre£l height of the mooitain 



4124,2 



Now the differepce of the attached thermoiBeteF 5 o"" 
and 46'* is =4''; and againft this number, in table L in 
the colwran for ^5 inches (being the height of the baro- 
meter in this cafe) I find lo, %¥hich added to 25.190, a^ 
this barometer was the coldeil, gives aj^s^ 00 inches for 

I the 



in orMr to afcertain the height of Mountains. 579 

the height of the uppermoft barometer reduced to the 
fame heat as the lowermoft: aiid in table IL oppoiite to 
25 200 mches and 29.400 inches, I find refpeitively 
6225.0 and 2208.2; their difference 4016.8 is the ap* 
proximate height in feet. The degrees on the ther- 
mometer in the open air, 39""- and 45° being then added 
together, and afterwards di^^ided by 2, give for the mean 
temperature of thefe obfervations 42 ""I, or ii"" above 
the ftandard temperature, 3 1 ""I : and laftly, the corre6tion 
for 1 1*", in table IV. on 4000 feet I find = 106.9, and 
on 16 feet =0.5; that is, 107.4 ^et equal the whole 
correction, which added to 40 1 6.8 gives 41 24.2 feet for 
the correct height of the mountain. 

E X A M P I. E lU 

Suppofe the height of the barometer at the top of a 
rock had been obferved at 24.178, the attached ther- 
mometer at 5 7°. 2, the air-thermometer at 56"^ ; the ba- 
rometer below at 28.J 31 8 inches, the attached thermo- 
meter 61^.8, the detached one 63''.9 ; what is the height 
of the rock ? 



4 F 2 Obfer- 



580 Sir GEOROE sHtrcKBURGS'S OS/ermtfom 

Obfervation at the bottom* 



barometer* 


Therai. 


Tlienn. 




attached. 


detached* 


In. 






aS.ijiS 


S7'2 


63''-9 



Difference of the two attached thermometers, 4,6 



Obfervation at the topi 



Barom. 

in. 

24. J 780. 



1 ^ 



on 2 



Corrca for the diE of 
the two attached therm. 

Height of the uppermoft \ 
barom. reduced to the | ^ g 
fame heat as the lower- l^^ ^^ 
mo% namely 6i®.8, J ■ > " ' " 

Tabular number, cor» "I ^ , ,^^^ 
refponding to, jH-^ooo. 

The fame, fee tab. IIL 80a 860 

90 



Therm, 
attached. 

Sf*2 



Thernw 
detached*. 

56.0 

63.9 



it) 1 19.9(59.95 mean ficati. 

31,24 ftandard temp*. 



28.71 difierencc*. 



FetU 
2388.C1 



DiC 
^07-9 



.2-' 



'959 



«|a««BP> 



24.1892 



7292.1 



Tabular number, cor-T ^g^ ^^^^ ^^ g ^^ j 

reiponding to, j 



The fame, fee tab. III. 



300 28.0 
10 o 



a 



i.O^ 

.9 >— 29.6 Cor 

•7 ^ 



Correct for 28".7, fee tab. IV. 



28.1318 
And 3357.0 feet taken from 



3357 o 
7292.1 



Leaves the approximate hergh^ in feet, 3935, i 
Correaion for 28^7 of heat on 3935 ft. + 274.3 



Correct height of this mountainj 



4209.4 



} 3000 = 204. 1 
900= 61.2 
35= 2.4 
•v3coo= 5.1 
0.7 on > 900= 1.5 
J 35 = 0.0 

mmmmmmmm « ■ 

28.7 on 3935 274 3 



This 



in order to a/certain the height of Mount ains. 581 

This laift obfervation was aitiially made, and the 
height geometrically was determined to be 421 1.3 feet,^ 
not quite two feet different. In this example it will be ob- 
ferved^ that as the height of the barometer is fet down to 
four places of decimals ; the tabular numbers^ anfwering 
to every tenth only, are corrected by means of table III. 
of proportional parts, for the remaining decimals 8, 9, 
and 2, in one place; and 3, i, 8, in the other; and their 
fum is fubduited from the numbers found in table IL 
And laftly, that in iinding the corre6tion for aS"*.? of 
heat, the fraction ^ is confidered as fo many units, and 
another decimal is ftruck off; thus the corre6tion on 
3000 feet for 7"* is 51 ; but for -^ it becomes 5., i, and 
fo of the reft. 

1 X A M F L E in. 

In the upper gallery of the dome of St. Peter's church 

at Rome, and 50 feet below the top of the crofs, I ob- 

ferved the barometer, from a mean of feveral obferva- 

tions, 29.5218; the thermometer attached being at 

5 6"*. 6, and the detached one at 57''; at the fame time 

that another, placed on the banks of the Tyber one foot 

above the furface of the water, flood at 30.0168, the 

attached thermometer at eo'^.e, and the detached one at 

6o*.2 ; what was the total height of this building above 

the level of the river? 

Obfer- 



582^ Sir GEORGE %unc%^v'^(^nH O&fervatiOHf 
Obfervation belbw, at one foot above the Tybjsr* 



In. 

30.oi6E 



Therm. 
attached. 

60.6 



56.6 



.Difference of tlie two attached thermonieters^ 4.0 



Therm, 
detached. 

6o°.3 



Obfervation above, in the gallery of St. Peter's church. 



Correal: for the diff. »f 



the two attached therm. J 



'.} 



29.5218 



'Height of the wppermoft 1 
barom. reduced to the ( ^ _g 
beat of the lowernaoft C'^y*^^^ 
viz. 60.5, — J ■— — - — 



56.6 57.0 

60.2 

2)1 17.2(58.-60 mean heat. 

31.24 llandard temp. 



Feet, 

Tabular numbers cor- 1 ^^ ^^^ ^ , ,^ >, 

refponding to, -~ ] 29.5OOO 2119.7 

^. 300 26.41 

— 30 2.6 r— -29.7 

. \ 8 n^ 



29-533^ 



2090.0 



Tabular numbers cor- 1 
refponding to, — J ^ * 



0000 

100 
60 
^8 



8.7 
5 



.2 >— 14.< 
7-^ 



30.0168 



1667.1 
2090.0 

Approximate height, 422.9 

Corredion iiyv 2 7 "4 of heat on 422 feet, _J 28.0 | 

Difference of height of the barometers, 45O-9 
Loweft barom. flood i foot above the river, +1.0 
Top of the crofs above the gallery was, f ,ro.o 

Total height of the top of the crofs 1 

above the river Tyber, — J S^^'9 

The fame meafured the fame day geo- \ 

metrically was, — .— J 5^2.2 



27.36 difference. 



Diff. 
88.2 



1681.7 86.7 



Corrc^ion for 27°.4 
27° on 
0.4 on 400 



.0 ^^ J 400 n 26 2 
1 22 =r I. 



4 
4 



27.4 on 422 = 28.0 



When 



When thediflferenee of the heights of the quiekfilver 
in thetwdbauonaeters happens not to exceed ^^ or even 
^of an inch (and this will frequently be the cafe in level- 
ling flat countries^ or mekfuring.fmiaH heights) in fuch 
drcumftances the moft con*venient way of reducing the 
obfervations will teby means of the column of differences 
only; thofenumberse^ritf effing. the length of a column 
of the atmofphere which correfponds to ^ of an inch of 
quiekfilver, at jmy afligned height of the barometer. 

B X A M P L E IV* 

Supptrf^ th^ following obfervations had been ^ra at 
ttie top and bottom of any eminence; w:^* at the top, 
barometer 19-98 5 inchefe^ attached thermometer 7o''5, 
detached thermometer 76^;. and. below, barometer at 
3P,oB2y,attached thermometer 70:'', and the detached 
m\0$%% Y^t was the height of the eminence ? 



$84 '^^ eSOilGi SKUCIEBOROH^ :04/^r«>*//(W» 



Obfervation below. 



Batonaeter. 



TKerra. 

i<^4 



Therm. 

detached. 

6l.P 



DiifOTnce of die twoattacHed therm. 0.5 

Obferygti(m at the top* 

Barometer. Therm. Therifl. 
attached. detached. 



In. 

299850 
Corrcaforb^jofheat, +.0015 



70-S 



Take 

From 



29.^865 
30.0820 



RetiKiiflirihe diSflerence -j 
or fall of quickfilver in > 0.0955 
the bsrometdr, ;• — ^ ■ -■ 



76.0 

68.0 

■ I l l II 

2)144.0(72.0 mean heat. 

31.2 ftandard temp* 

•| Ill !■ i 

440.8 difFerence* 



The4ifi?rc|i<^for^ at 30 inches =: 86.7 feet. 



.Therefore, for 0900 *— — 

5650 --- ■ 

ooo< — — 

Therefore, 0955 inch of qnickfilver, 
Correction for 41" on 82.7 feet. 

Gives .— . .— -— 



Fefti 
78.0 

4-3 
0.4. 



Corredion for 41°* 
> •*»7—- »3 



Wil4»-* i.W i* iil.rw.-« 



4t*'on .82.7=: 8.3 

82.7 the approximate height. 
+ 8.3 

1 1 1 In » 

91.0 rrthe true height. 



Now this was the height of the Tarpeian rock, or fhe 
weft-end of the Capitol-hill in Rome, above the coa- 
vent of St. Clare, in the Strada deifpecchu 

The preceding rules for determining heights above 
the furface of the earth will, I prefume^ anfwer equally 
well for meafuring depths below it. 

TABLE 
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TABi^i I. For the expanfion of quickfilver by heat, 

feep. 574^ 



0egr. 

of the 

Therm. 



Height of the barometer in inches. 



J 



I 

2 

3 
4 

S 
6 

7 
8 

9 

IX 

1% 

H 

IS 
i6 

17 
18 

19 
20 

21 
22 

23 
24 

25 
26 

27 
28 
29 
30 
31 

33 
34 

3^ 
37 
3B 

39 
40 



20 



20 
4.1 
6,1 
8a 
10. z 

12.2 
14.2 
16.2 
18.2 

20.3 
22.3 

24*3 
26.3 

28.4 

30.4 

324 

34.5 

3^-5 

3S.5 
40.6 

42*6 

44.6 

46.6 

48.6 

50.7 

52.7 

54-7 
56.8 

58.8 

00.8 

6a.8 

64.18 

66.9 

68.9 

70"9 
73-0 
75'^ 
77.0 
79.0 
81. 1 



21 



2.1 

4-3 
6.4 

8-S 

IO.6 

12.8 

14.9 

17.0 
19.2 

21.3 
23.4 

25.6 

27.7 

29.8 

31-9 

34-1 

36.2 

38-3 
40.5 
42.6 

44-7 



46*949.1 



490 

SI- 
S3-2 

SS-4 
57-5 

61.8 
66.0 

682 

70.3 

72.4 
74.5 

76.7 
78.8 

80.9 

83.1 

85.2 



22 
2.2 

n 

8.9 
II. I 

13-4 
15.6 

17,8 

20 

22.3 

24-5 
26.8 

29.0 

31.2 

334 

37-9 

40.1 



2.3 

4-7 
7.0 

9-3 

1 1.6 

140 
16.3 
18.6 
21.0 

23-3 
25.6 

28.0 

30*3 
32.6 

34-9 
37-2 

39-6 
41.9 

42. 3144* 2 



44.6 
46.8 



SI- 

535 

55-8 

60.3 
62.5 
64.7 
66.9 
69.1 

71.4 

73-6 
75.8 
78.0 

80.2 
82.5 
84.7 
86.9 
89.2 



24 

2.4 

49 
7.3 

9-7 
12.1 

14.6 

17,0 

19,4 

21.9 

24' 3 

26.7 
29.2 

31.6 

34-0 
36-4 
38.8 

41-3 

43-7 
46.1 



25 



46.6 48.6 



48.9 
51 

55-9 
58.2 

60.5 

62.9 

65.2 

67.S 
69.9 
72.2 
74,6 

76.9 
79.2 

81.5 
83.8 
86.2 
88.5 
90.8 
93.2 



51.0 

53-5 

SS-9 

58.3 
60.7 

63.1 

65.6 

68.0 

70.4 
72.8 

75-2 
77.7 
80.1 
82.5 
84.0 
86.4 
88.9 

91-3 

93-7 

97.2 



2.5 

S'l 

7.6 

10. 1 

12,7 

15.2 

17-7 
20.2 

22.8 

25.3 
27.8 

30.4 

32.9 

35-4 
37.9 

40.S 
43.0 

45.S 
48.1 

50.6 

53-2 

55-7 



26; 27 



2.6 

7-9 
10.5 

X3«2 

158 

I8.4I 

21.0 

23-7 
26.3 

28.9 

31.6 

34.2 
36.8 

394 

42.0 

44.7 

47*3 

499 
52.6 

5S*2| 
57*9 



58.2f 00.5 



60.8 
63.2 

65.8 
6B.3 

70.8 

73.3 

75-9 
784 

81.0 

83.5 
86.1 

88.6 

91. 1 

93.6 
96,2 

98.7 

:oi.2 



63.1 

65-7 
68.3 

71.0 

73-6 
76.2 

789 
81.5 

84.2 

86,8 

89.4 

92.0 

94.6 

97-3 

99-9 
102.5 

105.2 



2.7 

5.5 

8.2 

II.O 

13-7 
16.4 

19.2 

21.9 

24.6 

27.4 
30.1 

32.9 
35-^ 
38-4 
41. 1 

43-8 
46.6 

49-3 
52.1 

54-8 

575 
60.3 

63.0 

65.8 

68.5 

71 2 
74<o 
76.7 

79-5 
82.2 

84.9 

87.7 
90.4 

93-2 

95-9 
986 

101.4 

104. 1 

106.Q 



28 



2.8 

5.7 

8.5 

H.4 

14.2 
17.0 
19.8 
22.7 

25-6 
28.4 

31.2 

34-1 
36.9 

39-8 
42.6 

45 41 
48.3 

51. 1 

54.0 
56.8 

59-6 
62.5 

68.2 
71.0 

73-8 
76.7 

79-5 
82.4 
85.2 
880 
90.9 

96.6 

99.4 
102.2 
105.1 

107.9 
no 8 



29 

29 

5-9 
8.8 

11.8 

14.7 
17.6 
20.6 

23.5 
26.5 

29.4 

32.3 

35.3 

38.2 

41.2 

44.1 
47.0 

50.0 
52.9 

55-9 
58.8 

61.7 

64.7 

67.6 

70.6 

73.5 
76.4 

79.4 
82.3 

85.3 
88.2 

91.1 

94.1 

97.0 

1 00.0 

102.9 

105.8 

1 08.8 

1 1 1.7 

114.7 



30 



ioo.6'ti3.6 117.6 121.6 

I II III III I i"iiit»iwi«*'iMWwi<w*»*<«»*»*»i««— 



Q.O 

6.1 

9.1 

1 2.2 
15-2 
t8.2 

21.3 

24-3 
27,4 

30.4 

33-4 

30.5 

39-5 
42.6 

45.6 
48.6 

S1.7 
54»7 

60.8 
638 
66.9 
69.9 

730 
76 o 
790 
82.1 

85.1 
88.2 

91 2 
94.2 

97-3 
1Q0.3 

103,4 

1 06 .4 
109,4 

1 12.5 

1 15-5 
118.6 



31 



3.1 

0.3 
9.4 

12.6 



32 



15-7 
18.8 

22.0 

25.2 

28.3 

3«-4 

34.5 
37-6 
40.8 

43.9 
47.1 

53-4 

59-7 
62J 

65-9 
69.0 

72.2 

754 
78.5 
81.6 

84.8 

879 
91.1 

94.1 

97.4 
100.5 

103.6 



105.7 
109.9 

1 1 3. 1 

110.2 

119-3 
122.5 

i2<; 6 

■HMMMMMIit. 



3-^ 

9" 7 
1 3.0 

16.2 

19-5 
22,7 

25-9 
29 

32.4 

38.9I 
42.1 

45.4 
486 

51.8 

58.3 
61.6 

64.9 
68.1 

71.4' 
74.6 

778 
81. 1 

84.3 

87-5 
90,7 

94.1 

97-3 
100.5 

103.8 

107.0 

1 10.3] 

n35 
iib.S 

120.0 

123.2 

126.5 

129.7 
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TABLE 
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TABLE 11''^''. Gmng the approximate height in Eiiglifli 
feet, adapted to the temperature 3i°a4 of fahren- 
HEiT*s thermometer. 



eight 
of the 
Birom. 



loch. 

A • """" "" 

* •"""*"'■ 
tj 11,1 r r 

4*"""". 

6.— • 

7* 
8.— 

9.— 
10. — 
II, — 

14. — 
15.CX) 



eight. 



Feet. 

90309,0 

72247«2 

61681.8 

54185 4 

4B370.8 

43619.9 

39603.1 

35123.6 

33054.4 

30309 .0 

27825.4 
25558.1 

23472,4 

2I54I.3 
19743^5 



iff. 



18062 

10565 
7496 

5814 

4761 

4017 

3480 

3069. 

2745 

2484 

2267 
2086 

I93I 
1798 



Height 
of the 
Barom. 



Inch, 
16.10 
20 

30 
40 

S9 
60 

70 

80 

90 

16.00 

10 

20 

30 
40 

5® 



Height. 



Feet. 
19570.4 
19398.4 
19227.5 

1 88%. I 
18721.5 

I855S-Q 
18389,6 

I O a2^. 2 

i8o6i,S 

17899.4 
17738.1 

17577.7 
174^8.4 
17260,0 



DiC 



1 73- 1 
172*0 

170.9 

169.8 

168^6 

167 6 

166.5 

165.4 

164*4 

1634 
162.4 

161,3 

160,4 

159-3 
158.4 



Height 
of the 
Barooi. 



I rich, 

16.60 

70 

80 

90 

17 00 

10 

20 

30 

40 

50 
60 

70 

80 

90 

18.00 



Height, 



Feet, 
17102.5 
16946.0 
16790.4 
1^635.8 
i64l2»i 
16329.2 
16177.3 
16026.2 
15876.0 
15726.7' 
15578^2 
1 5430.6 
15283.8 

15137.8 

14992 6 



Diff. 



157-5 

J5f5 
5S-6 
54,6 

53 7 
52.9 

51*1 

50.2 

49*3 
48,5 

47,6 

146,8 

146,0 

145-2 



(f) This table bears fome analogy to the tables of Ibgifticat Ic^arithmsj being 
nothing more than the differences of the logarithms, of the height of the 
barometer from the logarithm of 32 inches multiplied hf £%^, l> have chofen 
the logarithm of 32 for my term of comparifon^ that- being the greateft pro- 
bable height that the barometer will ever be feen at, eyjen at the Ixjttoro of the 
decpeft mines. Had I taken the mean height of the quicklilvcr at the level of 
the fca, it is true the numbers in the table would have more truly reprefented 
the heights in the atroofphere, correfponding to the given height of the qiiick- 
filvcr; but then, in computing fmall depths or heights from. the furface of the 
fea, we fliould have l^en obliged foroetimes to have changed the ligm in the 
operation, which appeared to me lefs convenient. The mean height of the 
barometer at the level of tlie Tea, from 132 obfervations in Italy and in Eng- 
land, is 30.04 inches, the heat of the barometer being 55% and the air 62°; 
fb that the term of comparifon in this table, viz. 32 inches, correfponds to aa 
imaginary ^int within tjie earth at 1647 feet below the furface of the fea» 
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TABLE II. continued. 



Height 

of the 

Barom. 

Ill i r iiii< II 

Inch. 
1 8. 10 
20 

40 

50 
60 

70 
80 

90 

19.00 

10 

20 

30 
40 

50 
60 
70 
80 
90 
20.00 
10 
20 

30 
40 

SO 
60 
70 
80 
90 
21.00 
10 
20 

30 
40 

50 
60 

70 

80 

^ 90 



Height. 



DifF. 



Feet. 
484.8.3 

4704.7 
4561.9 

4419.9 

4278.7 

4138.2 

3998.S 
3859-5 
3721-3 
3583.8 
3447-0 
3310-9 

3175-^ 

3041. 1 

2906.9 
2773.6 
2641.0 
2509.1 
2337.0 
2247.2 
2117.2 
1987.9 
1859.2 
1731.2 
1603.8 
1477.0 
1350.0 
1225.2 

1 100.2 
09758 
0852.1 
0728.8 
0606.2 
04842 
0362.7 
0241.8 
0121.4 
0001.6 
9882.4 



44-3 
43.6 

42.8 
42.0 
41.2 
40.5 

39-7 
39.0 

38.2 

37-5 
36.8 

36.1 

35-3 
34'5 
34-2 

32.6 

3^-9 

3^-3 
30.6 

30.0 

29-3 
28.7 

280 

27.4 
26.8 

26.2 

25.6 

250 
24.4 
23-7 

23-3 
22.6 

22.0 

21.5 
20.9 
20.4 
198 
19.2 



Height 
of the 
Barom. 



Inch. 

22.00 
10 
20 

3^ 
40 

5^ 
60 

70 

80 

90 

23.00 

10 

20 

30 
40 
50 
60 

70 
80 

90 
24.00 

10 

20 

30 
40 

50 
60 

70 
80 

90 
25.00 

10 

20 

30 
40 

50 
60 
70 
80 



Height. 



DiC 



Feet. 
9763*6 

9^45-5 
9527.8 

9410.7 

9294.1 

9 1 78. 1 

9062.5 

8947.4 
88329 
8718.9 
8605.3 
8492.3 

8379-7 
8267.6 

8156.0 
8044.9 

7934-3 
7824.1 

77H-4 
7605.1 

749^-3 
7388.0 

7280.1 

7172.6 

7065.6 

6959,0 

6852.9 

6747.2 

6641.9 

6537-0 
6432.6 

6328.6 
6225.0 
6121.8 
6019.0 
5916.6 
5814.6 

5713-0 
5611.8 



1 18.8 
118. 1 
117.7 
117. 1 
116.6 
116.0 
115.6 
1 15. 1 

1^4-5 

1 14.0 

1 1 3.6 
113.0 
112. 6 

112. 1 
III. 6 
I II. I 
1 10.6 
no. 2 
109.7 
109.3 
108.8 
108.3 
107.9 

107-5 
107.0 

106.6 

106. 1 

105.7 

105.3 
104.9 

1 04. 4 

104.0 

103.6 

103.2 

102.8 

102.4 

102.0 

101.6 

101.2 



Height 
of the 
Barom. 



fnch. 

25.90 

26.00 

10 

20 

30 

40 

50 
60 

70 

80 

90 

27.00 

10 
20 

30 
40 

50 
60 

70 
80 

28.00 
10 
20 

30 
40 

50 
60 

70 
80 

90 

29.00 

10 
20 

30 
40 

50 
60 

70 



Height. 



Feet. 

551 i-o 

5410.4 

5310.6 

5210.9 

51 1 1.6 

50.1 2 ;8 

4914.2 

4816.1 

4718.3 

4620.9 

4523.9 

4427.2 
4330-8 

4234-9 
4J39'2 
4044,0 
3949.0 

3854.5 
3760.2 

3666.3 

3572.7 

3479-5 
3386.6 

3294.0 

3201.8 

3109.9 

3018.3 

2927.0 

2836.1 

2745-4 
2655.1 

2565.1 

2475.4. 
2386.0 
2296.9 
2208.2 
2119.7 
2031.5 
1943.6 



DifF. 



ioo.8 

100.6 

99.8 

99-7 

99.3 
98.8 

98.6 

98 I 

978 

97 4 
97-0 
96.7 

96.4 

95.9 
95.7 
95.2 
95-0 

94.5 

94-3 

93 9 
936 

93-2 

929 

92.6 

92 2 
91.9 
91.6 

91-3 
90.9 

90.7 

90.3 
90.0 

89.7 

89.4 

89.1 

88.7 

88.5 

882 

87.9 



4 G 2 
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TABLE II, Gontinued. 



Height 

of the 

Barom. 



Inch. 

29.80 
90 

30tOO 
10 
ao 

40 
50 



Height. 



Feet. 
1856.0 
1768.7 
1681.7 

1595-0 
1508.6 

X 422.4 

1236.6 

J251.Q 



DifF. 



87.6 

87^5 
87.0 

86.7 

86.4 

86.2 

85.8 

85.6 



Height 
of the 
Barom. 



trnmrnm 



Inch. 

30.60 
70 
80 
90 

31.00 
10 
20 

22. 



Height; 



Feet. 
1 165.7 
1080.7 
996.0 

827.3 

7434 
659-7 
576.3 



Diff. 



85.3 
85.0 

84.7 

84.S: 
84.2 

83-9 
83-7 
83.4 



Height 

of the 

Barom. 



Inch. 
31.40 

50 
60 

70 

80 

90 

32.00 



Height. 



1*1 !.»■» 



Feet. 

493-2^ 
410.4 

327.8 

245.4 

163,4 

81.6 

00.0 



DifF. 



83.1 
82.8 
82.6 
82.4 
82.0 
81.0 
81.6 



TAB LI 



in order to a/certain ths height of Mountains, 589 
T A B L JE ilL Of proportional parts* 



biff. 


I 


2 


a 


4 5 


6 


7 


8 


9 


DifF. 


I 2 


3 


4 


5 


6 


7 


8 


9 


81 


8 


16 


24 


3? 


¥> 


49 


57 


65 


73 


106 


II 21 


3^ 


42 


5Z 


64 


74 


85 


' 95 


82 


8 


16 


25 


33 


41 


49 


57 


66 


74 


107 


II 21 


32 


43 


M - 


64 


75 


86 


96 


83 


8 


17 


25 


33 


41 


50 


58 


66 


75 


108 


IH22 
1 


3^ 


43 


54 


65 


76 


86 


97 


84 


8 


17 


25 


34 


42 


50 


59 


67 


76 


109 


1 
II 22 


33 


44 


54 


65 


76 


87 


98 


85 


8 


17 


25 


34 


42 


51 


59 


68 


76 


tio 


11 22 

i 


^s 


44 


55 


66 


77 


88 


99 


86 


9 


17 


26 


34 


43 


52 


60 


69 


77 


III 


II 22 


33 


44 


55 


67 


78 


89 


100 


87 


9 


17 


26 


35 


43 


52 


61 


70 


78 


112 


II 


22 


34 


45 


56 


67 


78 


90 


lOl 


88 


9 


18 


26 


35 


44 


53 


62 


70 


79 


113 


II 


23 


34 


45 


5^ 


6879 


90 


102 


89 


9 


18 


27 


36 


44 


53 


62 


71 


80 


114 


II 


23 


34 


46 


57 


68= 


80 


91 


103 


90 


9 


la 


27 


36 


45 


54 


63 


72 


81 


115 


11 


23 


34 


46 


57 


69 


80 


92 


103 


91 


9 


18 


27 


36 


45 


55 


64 


73 


82 


116 


12 


23 


35 


46 


58 


70 


81 


93 


104 


92 


9 


18 


28 


37 


46 


55 


64 


74 


83 


117 


12 


23 


3S 


47 


58 


70 


82 


94 


105 


93 


9 


19 


28 


37 


46 


56 


65 


74 


84 


u8 


12 


24 


35 


47 


59 


71 


83 


94 


106 


94 


9 


19 


28 


38 


47 


56 


66 


75 


85 


119 


12 


24 


36 


48 


59 


71 


83 


95 


107 


95 


9 


19 


28 


38 


47 


57 


66 


76 


85 


120 


12 


24 


36 


48 


60 


72 


84 


96 


to8 


96 


10 


19 


29 


38 


48 


58 


67 


77 


86 


121 


12 


24 


36 


48 


60 


73 


85 


97 


109 


97 


10 


19 


29 


39 


48 


58 


68 


78 


87 


122 


12 


24 


37 


49 


6i 


73 


85 


98 


no 


98 


10 


20 


29 


39 


49 


59 


69 


78 


88 


123 


12 


25 


37 


49 


61 


74 


86 


98 


III 


99 


10 


2Q 


30 


40 


49 


59 


69 


79 


89 


124 


12 


25 


37 


50 


62 


74 


87 


99 


112 


100 


10 


2P 


30 


40 


50 


60 


70 


80 


90 


125 


12 


25 


37 


5.0 


6?. 


75 


87 


100 


112 


lOI 


10 


20 


30 


40 


59 


61 


7» 


8j 


91 


126 


^3 


25 


3^ 


50 


63 


76 


88 


101 


113 


102 


xo 


20 


31 


41 


5.1 


61 


71 


82 


92 


127 


13 


25 


■^8 51 


63 


76 


89 


102 


114 


103 


10 


21 


.3^ 


41 


51 


62 


72 


82 


93 


128 


13 


;<6 


i-^ 


5f4J 


77 


90 


102 


115 


104 


i<5 


21 


31 


4^ 


52 


62 


73 


83 


94 


129 


13 


26 


39 


52 


64 


77 


90 


103 


116 


105 


10 


21 


31 


id. 


5" 1^3 


73 


84 


94 


130 


11 


26 


22 


52 


651781 


Si 


104 


117 
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TABLE IV. For the expanfion of the ah', or correc- 
tion of the uppermoil height, fee p. 576. 




I 


Approximate height in feet* 


1000. 


2000. 


3000. 


4000. 


5000. 


6000. 


7000. 


8000. 9000. 


2.4 


4.9 


7-3 


9-7 


12. 1 


14 6 


17.0 


19.4 


21.9 


2 


4-9 


9»7 


14.6 


194 


24-3 


29.2 


340 


38.9 


43-7 




7-3 


14.6 


21.9 


29,2 


36.4 


43-7 


51.0 


58.3 


65.6 


4 


9-7 


19.4 


29.2 


38.9 


48.6 


58.3 


68.0 77^8 


87-5 


5 


12.1 


24-3 


36.4 


48,6 


60.7 


72.9 


85.0 


97.2 


109.3 


6 


14.6 


29.2 


43-7 


58.3 


72.8 


^7-5 


102.0 


1 16.6 


131.2 


7 


17.0 


i4'0 


51-0 


68.0 


85.0 


102.1 


1 1 9.0 


136.1 


^153-0 


8 


19-4. 


38.9 


58.3 


7.7.8 


97.1 


1 16.6 


136.0 


155-5 


1 74.9 


9 


21.9 


43-7 


63.6 


87.5 


109.3 


131-2 


153-0 


175.0 


196.8 


10 


24-3 


48.6 


72.9 


97.2 


121.5 


1458 


1 70. 1 


194.4 


218.7 


II 


26.7 


53-5 


80.2 


106.9 


133 6 


160.4 


187.1 


213.8 


240.6 


12 


29.2 


58.3 


87-S 


116. 6 


145.8 


175.0 


204.1 


233-3 


262.4 


• 13 


31.6 


63.2 


94.8 


126.4 


157.9 


189.5 


221. 1 


252.7 


284.3 


14 


34'0 


68.0 


102. 1 


136. 1 


1 70. 1 


204.1 


238.1 


272.2 


306.2 


IS 


3<^-4 


72.9 


109.3 


145.8 


182.2 


218.7 


25s- 1 


291.6 


328.0 


16 


38.8 


77.8 


116.6 


155.5 


194-3 


233.3 


272.1 


3iijO 


349-9 


17 


41-3 


82.6 


123.9 


165.2 


206.5 


247.9 


289.1 


330.5 


371-7 


18 


43-7 


^7'S 


131.2 


175.0 


218.6 


262.4 


306.1 


3499 


393.6 


19 


46.1 


923 


138.5 


184.7 


230.8 


277.0 


323-^ 


369-4 


415-5 


20 


48.6 


97.2 


145.8 


194.4 


243.0 


291.6 


340.2 


388.8 


437-4 


21 


51.0 


102.1 


IS3-I 


204.1 


255-1 


306.2 


357.2 


408.2 


459-3 


22 


S3'S 


106 9 


160.4 


213.8 


267.3 


320.8 


3742 


427.7 


481.1 


23 


S5'9 


III 8 


167.7 


223.6 


279.4 


335-3 


391.2 


447 I 


503-0 


24 


S^'3 


1 16.6 


175-0 


^33-3 


291 6 


349-9 


408.2 


466.6 


524.9 


25 


60.7 


121.5 


182.2 


242:2- 


303-7, 


3645 


4252 


4860 


546.7 
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TABLE IV. continued. 



Dtg. 

26 


Approximate height in feet. 


1000 


2000, 


3000* 
189.5 


-4000 
252.7 


5000. 


6000. 


7000. 
442.2 


8000. 


9000. . 


63.1 


126.4 


315-8 


379-\ 


505-4 


568.6 


27 


65.6 


131.2 


196.8 


, 262.4 


328.0 


393-7 


4592 


524.9 


590.4 


28 


68.0 


136.1 


204 I 


272.2 


340.1 


408.2 


476.2 


544-3 


6123 


29 


70.4 


140.9 


211.4 


281.9 


3523 


422.8 


493-2 


563.8 


634.2 


30 


72.9 


145.8 


218.7 


291 6 


364-5 


437-4 


510.3 


583.2 


656.1 


S\ 


75-3 


150-7 


226.0 


301 -3 


376.6 


452.0 


527.3 


602.6 


678.0 


32 


77.8 


1555 


233-3 


311.0 


388.8 


466.6 


544-3 


6.22.1 


699.8 


S3 


80.2 


160.4 


240.6 


320 8 


400 9 


480 I 


561.3 


641.5 


721.7 


34 


826 


165.2 


247.9 


S30'S 


413^ 


495-7 


5783 


661 


743-6 


35 


850 


170*1 


255-1 


340-2 


425.2 


5.10.2 


595-3 


6180.4 


765.4 


36 


87-4 


I75-0 


262.4 


349-9 


437-3 


- 524-8 


612.3 


699.8 


787-3 


37 


89.9 


179.8 


269.7 


359-6 


449-5 


539-4 


629^3 


719-3 


809,1 


38 


92-3 


184.7 


277.0 


3694 


461.6 


553-9 


646.3 


738-7 


831.0 


39 


94-7 


189.5 


284,3 


379-1 


473-8 


568.5 


663.3 


758.2 


852.9 


40 


9.7-2 


194.4 


291,6 


388.8 


4.86.6 


583-2 


680.4 


777-6 


874.8 


41 


996 


199^3 


2989 


3985 


498.1 


597*8.^ 


697-4 


797.0 


896.7 


42 


102. 1 


204. 1 


306^2 


408.2 


5fo.3 


6i2'4 


714.4 


816.5 


918,5 


43 


104.5 


209,0 


3^5 


418:0 


522.4 


626.9 


731-4 


8359 


940.4 


44 


106.9 


213-8 


320 8 


427-7 


534-6 


641.5 


748.4 


8554 


962 3 


45 


109.3 


218.7 


3280 


437-4 


546.7 


656.1 


7654 


874.8 


984.1 


46 


1 1.1.7 


223 6 


335-3 


447.1 


558.8 


670-7 


7824 


894.2 


1006 


47 


1 14.2 


228.4 


342.6 


4568 


57 1 '0 


685.3 


7994 


913.7 


1027.8 


48- 


1 1 6.6 


233-3 


349-9 


466.6' 


583. V 


699.8 


8164 


933-1 


1 049.7 


49 


1 19.0 


238.1 


357-2 


47^-3 


595-3 


7144 


833-4 


952.6 


107 1.6 


. -io 


121.5 


243.0 


3^4.5 


486.0 


607.5 729.0 


850.5. 


972 


IQ93-5 
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Table of heights taken by the barometer, Sec. 

4- or — the Abore the 
Lake of Geneva. Meditenraneaik 

Feet. Feet. 
The Lake of Geneva, from 18 obfervations, «-*• o 1x30/^.^ 

Greatcft depth of the Lake, •— — • — 393 

Clule, at the Croix Blanche, firft-floor, (h} 2, + 3^ ^ 21581 

Chamoimy, ground-floor of Hhe Inn near the foot of 1 , ^. ^ , 

Mont Blanc, 4 - _ -« | + ^137 336^ 

Tke Montanvert, at the Chateau, i . — + ^001 6231 

The fource of the river Arvcron, at the bottom of the 1 , ^ . ' ^ 
Vallee de Glace, i -* -- — / + ^^^ 3^5^ 

Salenche, at the inn, fecond-floor, i — . 4. 664 194! 

La Bonne- Ville, a la Viile de Geneve, fecondfldor, i -|- 245 1475 

Chatlaino, country houfe near Geneva, ground-floor, o + 178 

The ball ©n the higheft, or fouth-weft, tower of bt. 1 

Peter's church in Geneva, o — _ J "^ ^^9 

St. Joire, in a field at the foot of the Mole, o -— -f- 671 t<p\ 

Summit of the Mole, — — .— «. +4883 6iiJ 

Pitton, higheft point of Mont Sakve, g — .3284 4514 

The Dole, higheft »fummit of Mont Jura, g — 4- 4293 5,523 
TheBuetjG ~ — — ^ ^4. 8894 10124 

Aiguille d'Argentie're, G — ~ — +12 172 13402 

Mont Blanc, g — — ~ +14432 15662 

Frangy, at the inn, firft. floor, below the Lakf^ ^ — 166 

Aijc, a la Ville de Geneve, litft -floor, below the L^te, — 37J 
Chambcry, au St. Jean Baptifte, firft-floor, below the; Lake, — 352 

Aiguebelle, at the inrj, firft-floor, below the Lake, — 190 

La Chambre, at the inn, fivft-floor, above the Lake, -|- 337 

St. Michael, at the inn, firft*floor, — -f- 1113 ^AA% 

Modane, at the. inn, firft. floor, — — . 4. 5^220 3450 

(g) More correaiy 1228 feet, but I have taken it at 123O in round 
numbers. 

{h) The figures at the end of fome Of the names fliew< the number of obfcr- 
vations that were madei and the letter g indicates fuch ©bfervatioos to hav« 
been geometrical. 

Table 



in ^der m^fcermm tb^ height nf Mountaim* 5S3 
T^bk of lieights, &<:• contiawed*^ 

J^ot — the hhwt Ae 
JUakeof Ge«ev». Medlterraaean* 

Feet. Feet. 
Laittiebourg, the foot of Mdnt Cenisii at the inn, fiKft-ioor, -}• 3 1 78 4408 

Mont Cenis, at the PcA , < — *-• — + 503 1 00161 

■■ %t the Grande.JCroiy, — -^ 4- 4793 6023 

Novalefe, the foot of Moat Genk,oa^e fide of Italy;,! ,^^,. ^^^. 
attheinn,teft.floor, .-- ~ ^|+tsu ^741 

Boucholin, on the firid-floor, — — 4- 2JJ 

St, Ambrolfe, on the firft-sfloor, below, the X«ake^ **- 40 

Turin, sl^'Hotel d'Angleterre, fecond-floor, 4 -*- 289 941 

FeliiTano, nearAleflandri^j firft-floor, i »-*. ,.^6^71 

Piacenza, St. Marco, iirft-fioor, I «-*• — • -*-. 967 ^63 

Parma, au Paon, firft-flqor, 3 **«..—. .^ ^23 307 

Bologna, au Pelerin, firft-floor, 3 — — 8j.j ^9^ 

Loiano, a little village on the Appenines^ bctwcenl 

Bologna an4 Florence^ — — J ^^ 

The mountain Raticofa, the higheft point of the Ap- ^ 

penines the road palfes over, i| miles beyond File- Y -f 1671 29O1 
caije in going to Covigliaje, — — J 

Florence, nel Corfo dci Tintori, 50 fedt above the 1 
Arno, which was 18 feet below the wall of the quay, 3 j 

Pifa, aux Trois Demolelles, fecond-floor, 4 — — . 

Leghorn, chez Mufton, fecond-floor, a /— * — 

Siena, aux Trois Rois, fecond-floor, z -*• ^ 

RedlcofFani, a| the Poft, firft-floor, above the Lake, + 

*—„-—• the top of the tower of the old fortifica- 1 
tion on the fummit of the rock, — j 

Viterbo, aux Trois Rois, firft-floor, on the Ciminus 1 
of the Ancients, -^ _ *-«. j 

Rome, nel Corfo, 61 feet above the Tyber, 7 — 

(t) The rocks on each fide the plain, where the poft-houfe ftands, arc at leaf!: 
3000 feet higher than this fituation; and it is from the fnow on the tops, and 
through the crevices, that the lake on this plain is formed, which gives rife to 
the Dora, and may be called one of the fources of the Po. 

Vo L- LXVIL 4 H Table 



* 990 


r¥ 240 


1^28 
1244 

- 164 

1240 


+ 54 

+38 

2470 


1830 


3060 


■f 29 


1 259 


1084 


94 
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Table of heights, &c. continued. 



Above the 
River Tyber. 

Feeu 

The Level of the river Tyber, — — 

The top of the Janiculum, near the Villa Spada, — 260 

Aventine Hill, near the Priory of Malta, — 117 

In the Forum, near the areh of SE verus, where the 1 

ground is raifed 23I feet, — — j 34- 

Pialatine Hill, on the floor of the Imperial palace — 133^ 

Celian Hill, near the CLAUDIA N aquedu£i^, — 12^5. 

Bottom of the canal of the CLAtrBiAir aquedu^,. — 175 

Efquiline Hill, on the floor of St. M. Major's church, r54 

Capitol Hill, on the Weft-end of the Tarpeiaa rock, 1 18 

In the Strada dei Specchi, in the convent of St. Clare, 27 

On the union of the Viminal and Quirinal Hills, in the 1 

Carthuflan's church, diocles. Btths, — j 4* 

Pincian Hill, in the garden of the Villa Medici, — 165 

Top of the crofs of St. Peter^s church, •— 502 

The bafe of the obcliik, in the center of the Periflyle^ 31 

The fuipmit of the mountain Sora£le, lying about 20| 1 
geog* miles N. of Rome, g — — j 

The fummit of Monte Velino, one of the Appenines, v 
covered with fnow in June, about 46 geog. miles 
N.W. of Rome, and which is probably the higheft 
of theAppeBines, G — . -^ — . 

4" Of — the 
Lake of Geneve*. 

Naples, Cafa Ifolata on the Chiaia, 27I feet above! 

the lea, 5 — — — J— ^^97 

Mount Vcfuvius, moutt^ of the Crater from whence 1 
the fire iflued in 1776, •— *— j 



Above the 
Mediterranean^ 

Feet. 
33 



2271 



%97 



3938 r^/ 
Table 



(k) Sir WILLIAM KA WILTON iBlbrmed me, that the height of Veflivius, as 
taken by Mr. de SAtrssuRi of Geneva in 1772, with only a barometer of Mh*. 
DE lue^s conflruAion, and accord^g to his rules, was. 3659I French f«ct =: 
390oEnglifh, which agrees pretty well with mine. But the Padre del la 
lOHRE pretends to have found the height of Vefuvius in 1752 (fee p, 44. of 

his 



in order to a/certain the height of Mountmm. 59s 
Table of heignts, See. cotitiatied. 

-J, or — the Above die 
Lake of Geneva* Me4iteitaaeani 

Mount Vcfuvms, at the bafc of the cone, — . — 202 1 

Top of the mountain Somma, — — 3738 

The fummit of Mount JEtna, — — . 10954/^/ 
The following heights are determined from correfponding obfervactions by 

Mr. MESSIER at Paris, whofe barometer is fuppofed io8 feet above 
the fea. 

Barberino di V aldenfa, between Boggebonti and Tavcrnelle, 974 

Modena, a TAlbergo nuovo, — — 214 

Montmelian, at 26 feet abovcthe Hvcr, — -— 811 

Monte Vifo, by an obfervation from Jmin, by means 1 qqqw 

accurate^ G — — — J 9997 

Monte Rofa^ as meafured geometrically by the Father % 

BECCARIA, being the fecond mountain of all tlie > 1^084 

Alps, — — — _ J 

Pont Beauvoiiin, — — -*« — . ^05 

La tour du Pin, 4 — — * . *^. 938 

Verpilli^re, -*• — • -^ — . ^66 

his Hiftory of this Mo^lntain) =1677 French feet only, the difference of his 
barometer at the top and at the level of the fea being no more than 2 3I French 
lines =: 2.065 Englifh inches, which was certainly a miftake of little lefs 
than 2000 feet in the refult. The Abbe kollet in 1749 found the fall of the 
quickfilver 40 lines =2 3.55 inches Englifh; and, if this obfervation is to be 
depended upon, t|ie fummit of this volcano has rifen within thefe 27 years 
more than 330 feet perpendicular. 

(I) I have ventured to compute the height of this celebrated mountain from 
my own tables, though from an obferVation of Mr. de saussijre's in 1773^ 
which that gentleman obligingly communicated to mer It will ferve to (hew, 
that this volcano is by no means the highcft mountain of the old world; and 
that Vefuvius, placed upon Mount iEtna, would not be equal to the height of 
Mont Blanc, which latter I take tobe thcmoft elevated point in Europe, Alia, 
or Africa. 

The circumference of the viiible horizon on the top of Mount illtna, allowance 
being made for refra^ion, which I cftimate at 6', is 1093 Englifli miles. 

4 H a Table 



59^ S^tr^ QiiOJkm. smrc&npiL^ii^ Oi^^mfi&fti 

fable of heigMs^ ^i eoniinvied. 

-|- or — the 
Lake of deneva* 

Lyons, at the Hotel' Blanc, 50* feet abate' the Sadfte, 

St. J^ari^ Fe vieux, -^ — -^^ 

Cirdoil, near the pofthoufe at the foot of the rGclc«> 

Nantua, 10 feet above the L^ke^ ~ — 

Chatilion, at the Logls Neuf^ — * — « 

Colonges, -— .«» _ — 

St, Grcnis, apparently o« a^fev$^witfe the^fii>ot (rf'Moftt Jtit-^^ 

Geneva,, at 100 feet above* the Lake, 5 — * 

Macon> at the Parc,^ 24 feet above the Sao'nc — » 

Dijonj. ala Cloche, theiiril^-ffooK, — — • 

Mountain of Maraifdois W, 4I miles beyond Viteaux 1 
towards Dijon, — . -^ J 

Lucy-le-bols, — — • — — • 

Auxerre, 50 feet above the river^ — — 

Sens, at the Poft^ — — — * 

Jontainbleau, at the Grand Cerf^ fccond-£oor, •-» 



Above the 
Meditcrranea»t 

449 
69^5 

854 

1423 
1629 

1626 

tamely 

SH 

7 10' 

1677 

283; 
163: 
24a 



(m-) From this comparifon wkh Mr. messier's obferv^iens at Paris, which 
makes the Lake of Geneva-only 11:68 feet above the level of the fea (whereas 
from i8 obfervations in Italy^ near the fhore of the Mediterranean, it appears 
to be 1228^ vi%» +60 feet different) I am inclined to believe^ that Mr. mes- 
5pbr's place of obfervation rs about 50 feet higher than I have fuppofed it, viz,^ 
r6o feet above the fea inflead of 108, as deduced from three obfervations only at 
Boulogne,. Calais, and at Dover. If this be allowed,^ ^e fame number of feet 
nuiiiber added alfo" to, all die othen heights that are determined by comparifon 
widi Mr* ME&siBR^s obfervations; I am, however, by no means fuFC of this, 
but leave it to future obfervers*. 

(n) On one fide of thi& mountain is a little ftream called Amancon, that 
joins the Yonne and the Seine, and thus goes to the Atlantic; while on the 
other iide is found the Ouche, which, uniting with the Saone and the Rhone, 
runs to the Mediterranean; this part of Burgundy then feems to be one of 
thfr hi^l^hedd in France. 
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in order t(> afcei'tdfn t/l^be^St of M 597 

Table of heights, &c. continuedr 

«|. or •— the Above the 
Seiae at Paris* Mediterraneaii^ 

T^Uf mtttkhstghx f^tht S^tky that 1%$ fuand lit\ 

eaux fi trjBuvent c 13 pUdf 9 peuets fur fecMU dk\ 36 J 

Pont Rojftt^fehn M. be jla i^anj^e; .^ / 

Place of my own obfervatiaBs in^he Rue Jacobs feoond- \ ^ 
floof, — — — . f ^ ST 

Mr. MissiER*s obfervatory, at the Hdtel de Cliigny,! . 

firft.floor^ — ^ _ J 72 

Mr. PE LA I. ANDE'^ditto, at tbe College Royalv fiift-floor^ lor 

Place of Monf. le Fere cottes's obfervations at Mont- T 

morency, 10 miles^ North of Paris, -— J 333 

StO«.-g«lcry of the Church o..Mo.^Valerien, 473 

Deptb of the cate of tdie Royal Obfcrvatory at PawsT o, 

ficlow the pavement, - — / 5»i 

The fame, ac^oiding to^ Mr. im^hA e«a^S£| by ^hid \ g 

meafuremefi^ —« — .«. j 9* 

Weight of the nortb tower of the church of iSTotrc T ^ 

iSune above the doorj — -?- J * 

•— — — by aftual meafurement^ .ip. — %%f^ 

Chantilly^ — — ..^ --, ^ j^ 

Amiens, JtiiedeNoyp% fisft-floor^ — — ^ >4*p- 

Abbeville^ €inft-Hoor, — — *• — . ^^ 

Below the meia 
height of the Sciike* 

Bpulisigne» JMCMi level of the ifea^ fi-om one obferv. only, —35.9 

Calais, dittd, from- one obfervation, — •— — 38;$ 

Ikjver, dittd, from* three obfervations made two ycarA .^^a^ 
preceding thofe at Calais and Boulogne,^ — J 3^*^ 

Mean height of the river r*/ Thames at London above-j 
the mean height of the river Seine from fiv« dire^^ > 4- 6^8 
compariibiis with Mr, MESSIER, — -* 

AttdconfequentLy the Thames at Lond6n above the fea^ 43 

Warwick, mean level of the river Avon, — 155 

SiuicW)«rgh-honfe, in Warwickfllire, •— .— 560 

(0) By the mean height of the river Thames-is nnderftood when the water 
». i;5£fcct below the pavcmciit in the left-hand arcade at Bnckingham-ftalr«», 
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of fome of tiie moft remarkable 




|i^ tliat arc feenfrom the borders of tbe 







JSeunre Seiilp. 



C 905 3 



B E R A T A» 

Pajge Line 

5^« 9* fir'tommmviriicsLiei /^^^^ communicate^ 

85, 15. /orXLVIU* nadhlV, 

liSj 4* from the bottom, for ♦* and not all*' read **'an(J not at all" 

131, 16 and 17. yor (as the millers term it when no Iron is concerned) rw*^ (41 ditF 

millers term it) where no iron is concerned 

z63> 6. /or Satellites, f««/Satellite» 

165, 9* y^rineptats, readineptas 

358, 5. from the bottomi/er but, r^/ii/ long 

258, 2, from the botttom^y&rlongf, read hnt 

354» 2* /""the year 17^5;, rw^/ the year 1776. 

47 S* 15. ./orcredulitity, r^^//Gredulitf 

I -I 

CI 8. 7« from the bottom, jf^r *-^ — >• rf<?</ ^ ■ .. 



2oot:> 20,000 

519, 7. ->r i33S :54't iV' ^^«^233°» 53'* 'S'' 

520, 4. tn/ert jL. c by 4th obfervationss^^i 59V o''— ^*> 38', i^ 
5 2 r, 2, '/or mountains^, r^^^ mountain^- 

523, 2, /or correSi for the ii^n^l ^g'^, read s^^' 

530, 5. /cr 27,7025^ read 2^,702 f 

541, 4. v/^r above at C. r^«^ above at B. 

545, II. y^rcorre^i height in fathom 686,619, read6B^fiig 

546, 8. /cr difference of Log. 654,157, read b^^,io^ 

547, II . /»r (in p, f 56), read (in p* 5 3 2). 
556, 17. /or two, read too 

56©, ^. /^ricet^r^/ grains 

i3. /or 13311:8,5, rW 13^58,5:. 

562, 12.. y^r barometer, >f^fl</ manometer 



T-^Sxt— *— « 



568, 5 % from the bottomi/»r T — S X 1^ — ^ — ocrS— •;!:, read —-*--**— rsS — #• 

569, 19. deUihe femicolon after qtianthy, and infert it after inftance 

57 8, 5. from the bottom, /or the attached Therm, read the two attached Thernu 
58^, 2. ready fee p. ^74 and 567 

in thc'column for 25 inches, and again ft 21 /or Sj,2, read ^^,% 
586, 3. tf<^</, fee p. 568 and 569 

In the 4th col. of the table at the top^ /<>r^$,io, read t^,iQi 
Voj.. LXVII. 5 U 587 
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